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JANUARY 8, 1945 


The 469th meeting was held at the H.S.P.A. Experiment Station 
on Monday, January 8, at 2:00 p.m., with President Jensen in the 
chair. 


Members present: Messrs. Bianchi, Fullaway, Jensen, Nishida, 
Pemberton, Rosa, Sakimura, Schmidt, Swezey, Van Zwaluwenburg, 
Williams and Zimmerman. 


Visitors: Messrs. C. T. Parsons and F. G. Werner. 


NOTES AND EXHIBITIONS 


Psoroptes communis Fiirstenberg—Mr. Pemberton reported the 
presence of quantities of this scab mite in the ears of a rabbit. The 
mites were collected by a member of the U.S. Army on Oahu, De- 
cember 26, 1944. This is the first record of this sarcoptid in the 
Territory. 


An aphid new to Hawati—Mr. Van Zwaluwenburg called atten- 
tion to the description by E. O. Essig of Cerosipha californica n.sp.* 
(Hilgardia, 16 [4]: 177-181, fig. 1, July 1944) from California 
and Oahu. It was first found at Salinas, Calif., on roots of slightly 
wilted seedlings of guayule (Parthenium argentatum Gray). Later 
it was found on roots of potatoes at Bakersfield, and (alates) on 
leaves of French prune at Davis, Calif. In checking alate specimens 
of what he provisionally considered to be V esiculaphis caricis (Ful- 
laway ), collected September 9, 1940, on tomato by W. C. Look at 
the “Waipaha” [Waipahu] school garden, Prof. Essig found them 
to be this “guayule aphid”. 

. Achaea janata (Linn.)—Mr. Sakimura reported finding three 
specimens of this agrotid moth at light immediately after the So- 
ciety’s last meeting in December at which the species was first re- 

1 This insect was later shown by Prof. Essig to be a synonym of Cerosipha subterranea 


(Mason), a species widely distributed in the continental United States from Maryland to 
California. See p. 468 [Ed.}. 
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corded locally. That the moth has suddenly become fairly numerous 
was attested by reports of several other members who have collected 
it recently. 

Hambletonia pseudococcina Compere—Dr. Schmidt reported the 
recovery of this encyrtid parasite of Pseudococcus brevipes (Cock- 
erell) from material collected recently at Baldwin Packers, west 
Maui; it had not previously been reported from this region. The 
parasite was imported from South America during the period from 
1935 to 1937. 


FEBRUARY 12, 1945 


The 470th meeting was held at the H.S.P.A. Experiment Station 
on Monday, February 12, at 2:00 p.m., with President Jensen in 
the chair. 

Members. present: Messrs. Bianchi, Faxon, Fullaway, Jensen, 
Keck, Marlowe, Murakami, Pemberton, Rosa, Swezey, Van Zwalu- 
wenburg, Williams and Zimmerman. 


Visitors: Messrs. A. §. Johnson, J. D. Maple and E. M. Miller. 
Mr. Fullaway nominated Mr. Douglas J. Worcester for member- 
ship in the Society. 


NOTES AND EXHIBITIONS 


Leptomastix dactylopii Howard—Mr. Fullaway exhibited speci- 
mens of this aphelinid parasite of mealybugs recently found estab- 
lished at the Territorial plant nursery in Honolulu, a new record 
for the Islands. This is an accidental introduction from California, 
and Mr. Fullaway’s specimens came from a mixed infestation on 
soybeans and eggplant of Phenacoccus gossypii Townsend & Cock- 
erell and Pseudococcus kraunhiae (Kuwana). 

Backyard insect census—Dr. Swezey reported progress on the 
insect census of his garden and residence on Lanihuli Drive, Manoa 
Valley, Honolulu. Since his last report (Proc. Haw. Ent. Soc., 11: 
277, 1943) he has added about 40 names, so that now the total is 
293, distributed in the following orders: Hymenoptera 57 ; Diptera 
41, Coleoptera 63 ; Lepidoptera 43, Heteroptera 11 ; Homoptera 28 ; 
Orthoptera 10; Dermaptera 2; Blattaria 9; miscellaneous 29. 

Achaea janata (Linn.)—Dr. Swezey reported that R. E. Doty 
had brought him a specimen of this immigrant agrotid collected at 
light on Mt. Tantalus, February 5. Dr. Swezey also reported the 
capture of two of these moths at light on February 11 at his house 
in Manoa Valley. 

Identity of the new immigrant parasite of cockroach eggs—Mr. 
Zimmerman reported that Dr. Harold Compere had identified the 
new encyrtid parasite of cockroach odthecae as Comperia falsicornis 
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(Gomes). The species was described from the Federal District of 
Brazil, as Comperia merceti var. falsicornis Gomes (Bol. Escola 
Nac. Agro., 2: 30-37, 1942). Mr. Zimmerman previously reported 
upon the successful work of this parasite on odthecae of Supella 
supelectilium (Serville) at a meeting of the Society in 1943 (Proc. 
Haw. Ent. Soc., 12:20, 1944). It is the same species as that re- 
corded by Mr. Pemberton (Proc. Haw. Ent. Soc., 11: 139, 248, 
1942) as probably Metaphycus sp. 

Caenis sp.—Dr. Jensen exhibited a mayfly he had collected in 
Gilmore Hall, University of Hawaii, Manoa, Honolulu, on the night 
of January 30, 1945. The specimen apparently had been attracted 
to the light and entered the room through an open window. This 
record represents an extension in distribution of this order from 
Pearl City to Manoa Valley. Other specimens of this ephemerid 
were first collected in Hawaii in July 1944, in a light trap operated 
by Lt. Wm. M. Herms, U.S.N.R., at Pearl City, Oahu. According 
to Dr. Swezey, who identified the Pearl City material, the genus 
Caenis Stephens is cosmopolitan ; the adults of the family Caenidae, 
to which it belongs, are characterized by having very few cross veins 
and no hind wings. 

Blapstinus dilatatus LeConte—Dr. Jensen exhibited specimens 
of this tenebrionid beetle collected at Koko Head, Oahu, September 
20, 1944. Adults were reported injuring watermelon plants, chew- 
ing the vines two or three feet from the base of the plant, thus 
causing the vines to wilt. The species is common in southern Cali- 
fornia where it has been recorded girdling young pepper plants. 
Three specimens were collected earlier by Messrs. Look and Nishida 
in soil at Waialua, Oahu, June 16, 1944. The specimens were deter- 
mined by Dr. E. C. Van Dyke; earlier local identifications of this 
species had been only tentative. 

A gynandromorph Contarinia—Dr. Jensen exhibited a slide 
mount of an unusual gynandromorph which occurred among adults 
of a cecidomyiid, Contarinia sp., reared from flower buds of “pi- 
kake” (Jasminum sambac). A single specimen was found which 
bears female antennae, but male genitalia. The characters of the 
antennae of the sexes are as conspicuously different as are the geni- 
talic characters. The pikake buds were collected by Dr. Jensen near 
Fort Ruger, Honolulu, January 11, 1945. Approximately 75 per 
cent of the living buds were infested with eggs, larvae or both. 


MARCH 12, 1945 


The 471st meeting was held at the H.S.P.A. Experiment Station 
on Monday, March 12, at 2:00 p.m., with President Jensen in the 
chair. 
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Members present: Messrs. Bianchi, Fullaway, Jensen, Nishida, 
Pemberton, Rosa, Swezey, Tanada, Van Zwaluwenburg, Williams 
and Zimmerman. 

Visitors: Messrs. O. H. Edinger, Wm. D. Field, J. E. Webb, 
Jr., and F. N. Young. 

Mr. Douglas J. Worcester was unanimously elected to member- 


ship. 
NOTES AND EXHIBITIONS 


Tribolium castaneum (Herbst)—Mr. Van Zwaluwenburg called 
attention to a paper by Newell E. Good (U.S.D.A. Tech. Bul. 498, 
“The Flour Beetles of the Genus Tribolium’’, 1936) in which it is 
shown that the red flour beetle, a cosmopolitan pest, should be 
known as Tribolium castaneum (Herbst), and not as T. ferru- 
gineum (Fabr.). Two species were described by Fabricius under 
the name Tenebrio ferrugineus. The first one so named, in 1781, 
is a cucujid, on the authority of Waterhouse and others; the same 
name used in Fabricius’ 1787 description, is a homonym, and can- 
not stand. 

Hyposoter bred from Achaea—Mr. Van Zwaluwenburg reported 
that one of three larvae of the recently established agrotid, Achaea 
janata (Linn.), collected March 8 at Waialua mill, Oahu, on the 
weed known locally as Euphorbia bifida Hooker & Arnott, yielded 
a cocoon of the ichneumonid, Hyposoter exiguae ( Viereck), two or 
three days later. Earlier the same week, Mr. Rosa observed an adult 
Hyposoter in a jar containing Achaea larvae collected at Waianae, 
Oahu. 

New geometrid moth—Mr. Pemberton discussed the status of an 
unidentified geometrid? recently found widely distributed over 
Oahu. Over a dozen moths were first caught in a light trap oper- 
ated by the Navy at West Loch, Pearl Harbor, during August 1944. 
Then, early in February 1945, Dr. Williams found some strange 
caterpillars feeding on foliage of Nicotiana glauca in his garden in 
Honolulu. Reared to adults, they proved to be the same as the moths 
caught at Pearl Harbor. Examination by Dr. Swezey showed the 
species to be new to Hawaii. Field surveys by H.S.P.A. entomolo- 
gists resulted in the recovery of the moth during February over 
most of this island, and on Mt. Tantalus to an elevation of 1,600 
feet. Larvae were found feeding on the leaves of 29 different 
plants, and in some cases causing considerable defoliation. Many 
of the host plants are ornamental flowering trees, and several are 
important forage trees and shrubs. The list embraces 14 different 
plant families, with Leguminosae especially favored. It is assumed 
that the insect came to Oahu in an airplane. 


2 Subsequently identified as Anacamptodes fragilaria (Grossbeck), an insect native to south- 
ern California [Ed.]}. 
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Achaea janata (Linn.)—Mr. Pemberton also discussed the result 
of surveys made to determine the present distribution and host 
plants of this large agrotid, first seen in Hawaii in December 1944, 
when Dr. Williams collected an adult at the H.S.P.A. Experiment 
Station, Honolulu. Caterpillars were found in quantity at Waianae 
and Ewa, Oahu, feeding on, and completely defoliating, castor oil 
plant (Ricinus communis Linn.). It was also found on the common 
weed, Euphorbia bifida Hooker & Arnott and on the forage plants 
Leucaena glauca Bentham and Desmanthus virgatus Willdenow ; a 
single larva was taken on a partially eaten leaf of a fern (Polypo- 
dium sp.). 

Because this moth is widespread from India through the Malay 
Archipelago to New Guinea, Australia and many of the South 
Pacific islands, and has been found in airplanes arriving at Hono- 
lulu, it is assumed to have reached Oahu by plane. Mr. Bianchi 
stated that he had found the eggs of Achaea, chiefly on leaves of 
Ricinus and Euphorbia, widespread over Oahu. The eggs are laid 
singly, and all that he had collected yielded adults of Trichogramma 
minutum Riley. 


Enarmonia walsinghami (Butler )—Dr. Swezey reported having 
reared several of this tortricid moth from dead, malformed, small 
branches of Acacia koa sent in by C. J. Davis, a ranger at the Ha- 
waii National Park, Hawaii. The material was collected at an ele- 
vation of 6,700 feet on the Mauna Loa trail, February 2, 1945. This 
is the same moth Dr. Swezey previously reared from dead koa twigs 
on Mt. Tantalus and Mt. Olympus on Oahu, and from koa rust 
galls on Maui. Mr. Davis found the larvae boring in the living wood 
where the twig or branch was malformed from the effects of rust 
galls or something similar. Thus, it is shown that it does not confine 
itself to dead wood as a diet, as many Hawaiian moths are known 
to do. This is similar to Mr. Davis’ observations of Neotermes 
connexus Snyder feeding in living koa branches, a sample of which 
he sent in early this year. It was collected in the Kipuka Puaula at 
the Hawaii National Park, and showed considerable excavation by 
termites in the heart wood of a branch three to four inches in diam- 
eter, which was still alive. Usually this termite feeds in dead 
branches and trunks of the native forest trees. 


Podagrion mantis Ashmead—Dr. Swezey reported that in deter- 
mining for Mr. Sakimura insects caught in wind traps in the pine- 
apple fields of the Kunia, Oahu, region, he found specimens of this 
callimomid parasite of mantis eggs, dated April 27, 1943, May 4, 
1943, July 13, 1943 and August 17, 1943. The first two dates are 
prior to the first record reported from Molokai by Mr. Krauss, May 
31, 1943 (Proc. Haw. Ent. Soc., 12:92, 1944). 


Phygadeuon sp.—Dr. Swezey reported this ichneumonid parasite 
of syrphids was also found in Mr. Sakimura’s material, collected 
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February 8, 1944. Jt is apparently its first record from Oahu. It 
was first collected in July 1932, at the Hilo Sugar Co., Hawaii, by 
Dr. Williams (Proc. Haw. Ent. Soc., 8: 233, 1933). 

Solierella rohweri (Bridwell)—Dr. Williams exhibited a female 
of this larrid wasp caught by Mr. Sakimura in a wind trap at Kunia, 
Oahu, August 8, 1944. The head of this insect was quite abnormal, 
since there were no ocelli and the eyes converged very strongly at 
the vertex instead of having their inner margins nearly parallel. 

Cerosipha subterranea (Mason)*—Mr. Zimmerman reported 
that Mr. Essig had informed him that the aphid recently found on 
Oahu, and described as the “guayule aphid,” Cerosipha californica 
Essig (Hilgardia, 16 [4] : 177, fig. 1, 1944) has been found to have 
been described previously by Mason (Proc. Ent. Soc. Washington, 
39 [6]: 166, fig. 1, 1937) as Rhopalosiphum subterraneum, and 
that the new. name combination Cerosipha subterranea (Mason) 
should be applied to the species. 

Ilburnia ipomoeicola (Kirkaldy )—For Mr. Look, Mr. Fullaway 
reported the finding of this delphacid, the sweet potato leafhopper, 
near Kilauea, Hawaii. Eggs of this insect were also found in the 
stems of the vines. 


APRIL 9, 1945 


The 472nd meeting was held at the H.S.P.A. Experiment Station 
on Monday, April 9, at 2:00 p.m., with President Jensen in the 
chair. 

Members present: Messrs. Bianchi, Carter, Faxon, Fullaway, 
Hadden, Holdaway, Jensen, Nishida, Pemberton, Sakimura, Swe- 
zey, Tanada, Van Zwaluwenburg, Williams and Zimmerman. 

Visitor: Mr. W. W. Wirth. 

Mr. Fullaway and Dr. Williams presented the following resolu- 
tion: 

Lehr Artiman Whitney 


Whereas, in the death of Lehr Artiman Whitney on February 21, 
1945, the Hawaiian Entomological Society has lost one of its oldest 
and most cherished members, therefore 


Be it resolved that the Society record its great and grievous loss 
with due expression of its appreciation of the interest of its distin- 
guished member in the affairs of the Society which he served as 
Vice-President in 1929, and as President in 1930, and in the Pro- 
ceedings, to which he made many valuable contributions in the way 
of papers, notes, etc., embodying his observations and recording 
other scientific data. 


3 See p. 463. 
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With the adoption of the above resolution the Secretary is re- 
quested to send a copy of the same to the surviving brothers of the 
deceased with a note expressing the deep sympathy of the members 
of the Society in their bereavement. 


NOTES AND EXHIBITIONS 


Beetles in mango twigs—Mr. Fullaway exhibited a collection of 
beetles found feeding in living twigs of mango on Kauai by Stephen 
Au; they were determined by Dr. Swezey as follows: (?) Lyctus 
brunneus (Stephens), 2; Xyleborus sp., 1; and several Stephano- 
deres sp. 

Parasites of Achaea janata (Linn.)—Mr. Bianchi exhibited sev- 
eral puparia of Eucelatoria armigera (Coquillett) and some adults 
of Chaetogaedia monticola (Bigot) which had issued from pupae of 
Achaea janata. One Chaetogaedia had issued on April 4 from a 
pupa reared in the laboratory on Ricinus at Manoa Valley on Feb- 
ruary 14. The others had issued from material collected at Ewa 
during the first part of March. The Eucelatoria puparia had been 
found within skins of Achaea caterpillars collected on Ricinus 
plants growing along the Waianae road near Ewa on March 31: 

Stegania sp.t—Mr. Bianchi stated, for Mr. Rosa and himself, 
that on March 19, at Waianae, Oahu, they had discovered egg 
masses of the new geometrid (Stegania sp.) under bark on the 
trunks of kiawe (Prosopis chilensis). Eggs had not been found in 
the field before, although the moth’s manner of oviposition in the 
laboratory had indicated the probability that they would be found 
eventually under bark. Mr. Bianchi pointed out that in such a loca- 
tion the eggs would be almost completely protected from attack by 
Trichogramma minutum Riley, and said that out of many field- 
collected egg masses, totalling probably over 1,000 eggs, not a single 
parasite had issued, although in the laboratory Trichogramma had 
been shown by Dr. Swezey to parasitize the eggs readily. 

Ephialtes hawaiiensis (Cameron)—Mr. Bianchi exhibited speci- 
mens of this ichneumonid which he and Mr. Rosa had reared in 
the laboratory on pupae of Stegania sp. Numerous Ephialtes wasps 
had been observed at Waianae on March 19 hovering over soil 
which thinly covered many pupae and prepupae of Stegania; from 
this behavior it was surmised that the wasps would parasitize the 
pupae. This proved to be the case in the laboratory, but it is appar- 
ently a rare occurrence in the field, for not one Ephialtes was ob- 
tained from about 150 Stegania pupae collected at Waianae. Mr. 
Bianchi stated that Ephialtes in glass tubes will readily sting the 
pupae, the prepupae, and even the larvae of Stegania, but that only 
a small proportion of the attacks results in successful oviposition. 
The wasps were also observed in the laboratory to attack the pupae 


4 This is the insect subsequently identified as Anacamptodes fragilaria (Grossbeck) [Ed.}. 
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of Achaea janata (Linn.), but with as yet undetermined effective- 
ness. The wasps exhibited had emerged in about 16 days from the 
time of oviposition, a remarkably short time for a parasite of their 
size. E. hawaiiensis, according to data in the H.S.P.A. collection, 
has been reared previously from pupae of Pyroderces incertulella 
(Walker), Archips postvittanus (Walker), Euhyposmocoma ekaha 
(Swezey), Capua reynoldsiana Swezey, Capua cassia Swezey and 
Cryptophlebia sp., all native microlepidoptera. 


Anaphothrips obscurus (Miiller)—Mr. Bianchi spoke of a mild 
infestation of this thrips on sudan grass grown for experimental 
purposes in the hothouse at the H.S.P.A. Experiment Station. The 
species was first found in the Territory in the same locality and 
under the same circumstances in January 1941, and had not been 
reported again until now. 


Notogramma stigma (Fabr.)—On behalf of Mr. Ito, Dr. Carter 
presented the following: This ortalid fly was recently bred from 
a dead and rotting stem of Dendrobium superbum at Kapahulu, 
Honolulu. While the owner of the plant suspects that the maggots 
are casual, the infestation must undoubtedly have occurred after 
the death of the plant, for this fly has been previously reported 

breeding in decaying fruits and rotten sugar cane. 


Neophyllaphis araucariae 'Takahashi—Dr. Swezey reported hav- 
ing collected this aphid from young Araucaria trees at Foster Gar- 
dens, Honolulu, March 31. ‘Dr. H. L. Lyon had called his attention 
to this slight infestation on young trees in tubs at the nursery. A 
supply of specimens was collected to send to Prof. E. O. Essig, who 
desired material of this species. The yellow wingless aphid occurred 
among the closely approximated leaves at the tips of growing twigs, 
and would readily escape observation. Four winged forms were 
obtained. The infestation was discovered by the presence of larvae 
of the ladybird beetle Cryptolaemus montrouzieri Mulsant. These 
ladybirds, however, were present on account of the coccid Erio- 
coccus araucariae Maskell, individuals of which were. scattered 
among the leaves of the terminal twigs. Several of these white 
coccids were noticed to have exit holes where parasites had issued, 
and a female parasite was noted in a search among young coccids 
at the base of the leaves. No doubt this was Aphycomorpha arau- 
cariae ‘Timberlake, an encyrtid described in Proc. Haw. Ent. Soc., 
4: 227, 1919. This is the first time Dr. Swezey had observed these 
three insects: Neophyllaphis, Eriococcus and Aphycomorpha. On 
the same trees a puparium of the syrphid fly [schiodon scutellaris 
(Fabr.) was found which had exit holes of the pteromalid parasite 
Pachyneuron allograptae Ashmead. The aphis-feeding ladybird, 
Coelophora inaequalis (Fabr.), was also present. Two lacewing-fly 
cocoons were also found, from which adults issued April 5 and 
proved to be Chrysopa lanata Banks. 
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Trichogramma reared irom sphingid eggs—-Dr. Swezey reported 
that 11 specimens of Trichogramma minutum Riley and one of T. 
semifumatum (Perkins) issued from a sphingid egg found by Dr. 
Williams on a leaf of Nicotiana glauca at his home on Keeaumoku 
Street, February 14. The egg was undoubtedly that of Herse cingu- 
lata (Fabr.), though this moth usually oviposits on leaves of several 
species of Ipomoea. Sweet potato vines were growing nearby. 

Trichophaga tapetzella (Linn.)—Dr. Swezey reported on two 
additional records for this tineid moth in Hawaii: 2 specimens from 
wind trap in pineapple field, Kunia, Oahu, December 2 and 3, 1944 
(Sakimura) ; 2 specimens from light trap, Hickam Field, Oahu, 
April 8, 1945. 


MAY 14, 1945 


The 473rd meeting was held at the H.S.P.A. Experiment Station . 
on Monday, May 14, at 2:00 p.m., with President Jensen in the 
chair. 

Members present: Messrs. Bianchi, Faxon, Hadden, Jensen, 
Keck, Look, McBride, Nishida, Pemberton, Rosa, Sakimura, Swe- 
zey, Van Zwaluwenburg, Williams and Zimmerman. 

Visitors: Messrs. G. F. Augustson, B. Krafchick, D. B. Lang- 
ford, J. G. Lewis, F. A. Soraci, J. P. Vinzant and W. W. Wirth. 

Dr. Williams nominated Mr. Willis W. Wirth for membership 
in the Society. 


NOTES AND EXHIBITIONS 


Draeculacephala sp. a pest of watercress—Dr. Holdaway reported 
on an insect problem which has become serious in watercress beds 
since September 1944. The species has been tentatively determined 
as Draeculacephala mollipes (Say).* 

Observations were made on watercress beds in the vicinity of 
Pearl Harbor, March 19, 1945. Inquiries from several growers re- 
vealed the following state of affairs: The trouble is present all the 
year round, but is most serious in the summer months. In Septem- 
ber 1944 it became so serious as to reduce production seriously. It 
has been difficult to secure an exact picture of the injury, since, at 
the time the observations were made, rotenone dust had been used 
freely on the watercress and the infestation had been materially 
reduced. There appear to be two types of injury, the first, a crink- 
ling of the young leaves which reminds one of the injury caused by 
broad mite (Hemitarsonemus) on watercress, although no mites 
were found. The second type of injury, apparently associated with 


s Ascending to Dr. P. W. Oman there are two species of Draeculacephala in Hawaii. One, 
D. minerva Ball was first found on Oahu in 1912, and is a southwest United States species. 
The other, D. mollipes (Say) was first taken in Honolulu in 1934, and is a native of the 
northeastern United States. The above dates are supplied by Mr. E. C. Zimmerman from 
his unpublished ‘‘Insects of Hawaii’’. [Ed.}. 
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the infestation, is a general yellowing of the older leaves with yellow 
blotches on the less mature leaves. While this type of injury is 
apparently associated with an infestation of Draeculacephala, since 
growers report that it ceases to increase when the leafhoppers are 
controlled by means of rotenone, the injury has the appearance of 
a disease. 

Dr. Holdaway observed Draeculacephala in watercress beds at 
Waipahu in the early part of 1942 when engaged in observations on 
broad mite on watercress. It would appear that Draeculacephala is 
a common insect of watercress beds, but that not until September 
1944 did abundance reach such a level as to be a cause of economic 
loss. 

It is interesting to speculate on why the insect has increased so 
greatly as to reach economic importance. Two possibilities occur to 
Dr. Holdaway. First, that particular weather conditions have fa- 
vored the leafhopper more during the past twelve months than 
formerly ; second, that the increase in watercress production has 
favored an increase in abundance of the leafhopper. It is not pos- 
sible, at present, to determine to what extent the first possibility 
may have operated. Records indicate, however, that production of 
watercress has increased. Before the war the crop enumerators of 
the University extension service did not secure records on produc- 
tion of watercress, and so, earlier records are not available. The 
records for 1943 give a production of 1,003,000 pounds, while in 
1944 the production was 1,598,000 pounds—an increase of 50 per 
cent over the 1943 production which was higher than formerly. 

At the time of the observations at Waipahu in 1942, the grower 
reported that addition of copper sulphate to the irrigation water for 
control of crayfish appeared to reduce abundance of the leafhopper. 
Such an observation, if correct, would be in line with observations 
on control of Empoasca fabae (Harris) on the mainland, and E. 
solana DeLong in Hawaii; both of these can be controlled by sprays 
of Bordeaux. In the case of E. fabae, Delong has demonstrated 
that control follows absorption of copper by the plant. Inquiries at 
Pearl Harbor last May revealed that addition of copper sulphate to 
the extent of 10 to 15 pounds per time, to the head water for control 
of algae, did not control crayfish and apparently had had little effect 
on Draeculacephala. 

Infestation of celery aphid—Dr. Holdaway referred to an infes- 
tation of celery aphid, Brachycolus heraclei Takahashi, on celery 
observed by Mr. Nishida and himself at Waialua, Oahu, April 26, 
1945. Infestation was building up to an alarming extent on crops 
nearing maturity. The present shortage of nicotine sulphate for 
control of aphids and the shortage or unsatisfactoriness of substi- 
tutes for nicotine, is resulting in this aphid being a hazard to celery 
production. Moreover, because celery coming on to the market is 
often heavily infested with aphids, dealers have sought means of 
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removing the aphids from the harvested celery before it is placed 
on sale. 

The first record of this species in Hawaii was secured by Dr. 
Holdaway on celery at Waialua, December 6, 1940. Since then it 
has been recorded by members of the staff of the Entomology De- 
partment of the Hawaii Experiment Station at many places on Oahu 
(Koko Head, Kaimuki, University campus, Hunnewell Street, 
Pauoa Road) and also at Lahainaluna School, Maui, and Haleakala 
homesteads, Olinda, Maui, and at Kamuela, Hawaii. If infestations 
of celery plants occur when plants are young, serious retardation of 
the crop may result. The importance of this aphid has increased 
considerably during recent years, since celery for the local market 
is now largely produced in Hawaii. The University extension serv- 
ice records an increase of production from 746,000 pounds in 1943 
to 2,478,000 pounds in 1944. 

A new eriophyid on Hibiscus—Mr. Look reported collecting a 
new species of eriophyid on hibiscus at Hilo, Hawaii, February 9, 
1945. Mr. H. H. Keifer believes it to be an undescribed species of 
Epitrimerus, and is preparing figures of this mite. This mite is 
particularly abundant during dry weather. High infestations are 
found on young leaves, petioles and stems of the growing point. 
The infested leaves generally curl outward and turn reddish yellow, 
especially at the tips. Old leaves also turn yellow before dropping 
off. 


Mites on citrus—Mr. Look reported that the cosmopolitan citrus 
rust mite, Phyllocoptruta oleivorus (Ashmead) (det. H. H. Kei- 
fer), is one of the commonest mites on citrus plants at Hilo, Hawaii. 
A tarsonemid, probably the broad mite, Hemitarsonemus latus 
(Banks), is also destructive to seedlings and mature citrus trees. 
Papaya, potato, mango seedlings, dahlia, Solanum nodiflorum and 
Bidens pilosa are also commonly infested with tarsonemids. 


First records of aphids on Hawati—Mr. Look presented the fol- 
lowing on aphids not previously reported from the island of Ha- 
waii; the ten tabulated were identified by Prof. Essig. 


Species Host Locality Date 


Aphis ferruginea-striata Essig carrot Hilo Jan. 18, 45 
Aphis citricidus (Kirkaldy) pomelo Hilo ‘Feb. 13,45 
Aphis helichrysi (Kaltenbach) Ageratum conysoides Hilo Feb. 9,’45 
Aphis rumicis Linn. Phaius grandiflorus Hilo Feb. 13, 745 
Capitophorus braggii (Gillette) African daisy Hilo Feb. 15,45 
Myzus circumflexus (Buckton) hibiscus Hilo Feb. 9,45 
Myzsus convolvuli. (Kaltenbach)* cucumber Mountain 
View Jan. 9,’45 
Myzus convolvuli (Kaltenbach) * rhubarb Waimea Jan. 19, ’45 
Myzus ornatus Laing* rhubarb Waimea Jan. 19, ’45 
Rhopalosiphum nymphaeae (Linn.) waterlily Hilo Feb. 14,’45 
Rhopalosiphum pseudobrassicae 
(Davis) mustard cabbage Kamaili Dec. 20, ’44 


* Single alate. 
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Also reported by Mr. Look, but not new records, were the palm 
aphid, Cerataphis lataniae (Boisduval), and the banana aphid, 
Pentalonia nigronervosa Coquerel. Also observed in the field were 
Aphis maidis Fitch and Brachycolus heraclei Takahashi. Toxop- 
tera aurantii (Fonscolombe) previously recorded on coffee at Kona 
by Illingworth (Proc. Haw. Ent. Soc., 7: 249, 1929) was also col- 
lected, breeding on Macadamia, hibiscus and Vanda orchid. 


Tromatobia rufopectus (Cresson)—Dr. Swezey reported having 
found five egg “cocoons” of the spider Argiope avara Thorell in a 
tangle of web and dried leaves in a bush of Duranta repens in his 
garden, May 5, each of which contained cocoons of the ichneumonid 
predator Tromatobia rufopectus, with 8, 16, 18, 22 and 23 respec- 
tively per spider cocoon. From one spider cocoon the parasites had 
already issued ; in another the parasites had died ; in the other three 
cocoons the Tromatobia cocoons showed exit holes of the eulophid 
hyperparasite, Pleurotropis wilderi (Howard), and there were a 
few dead specimens of the latter. This was the first occurrence of 
these two parasites in his garden. The Argiope spider was not 
found, but one of its webs was observed a few months ago. In one 
spider egg cocoon were two pupae of the hyponomeutid moth, Pyro- 
derces rileyi (Walsingham) from which moths issued later. 


Omphisa anastomosalis (Guenée)—Dr. Swezey exhibited eggs 
of this pyralid moth, the sweet potato stem-borer, in a glass vial 
where they had been deposited by a female moth captured at light 
at his residence, May 12. Seventy eggs were laid, most of them 
attached to the surface of the glass, but a few free. They are very 
pale green, very shortly oval with a feeble reticulation on the sur- 
face, about half a millimeter in their shorter diameter, and slightly 
more than half a millimeter in’ their longer diameter. There is a 
sort of projection, or flange, on one side. 


Achaea janata (Linn.)—Mr. Fullaway reported the capture of 
this recent immigrant on Kauai in May 1945, by Stephen Au. He 
exhibited a specimen of the encyrtid, Habrolepis sp., recently taken 
at the Territorial nursery, Honolulu, on lima bean. This is a rare 
insect, having been taken only twice before ; nothing is known of its 
habits. 


Aneurobracon, a synonym of Mesocoelus—Mr. Fullaway stated 
that his braconid species, Aneurobracon samoanus (Proc. Haw. Ent. 
Soc., 11:45, 1941), should be known as Mesocoelus samoanus 
(Fullaway). Aneurobracon Brues 1930 being, according to C. F. 
W. Muesebeck, a synonym of Mesocoelus Schulz 1911 (Jl. Wash- 
ington Acad. Sci., 25: 282, 1935). 
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JUNE 11, 1945 


The 474th meeting was held at the H.S.P.A. Experiment Station 
on Monday, June 11, at 2:00 p.m., with President Jensen in the 
chair. 

Members present: Messrs. Carter, Faxon, Jensen, Pemberton, 
Rosa, Sakimura, Swezey, Van Zwaluwenburg, Williams, Wirth 
and Zimmerman. 

Visitors: Messrs. Bernard Brookman, O. K. Courtney, R. D. 
Eichmann, R. B. Humphrey, J. Guy Lewis, E. M. Miller and J. J. 
Raynes, 

Capt. W, W. Wirth was unanimously elected to active member- 
ship in the Society. 


PAPER 


Dr. Williams presented his paper entitled “Psychoda pseudalter- 
nata, n.sp. (Diptera, Psychodidae)”. 


NOTES AND EXHIBITIONS 


Bactra truculenta Meyrick—Dr. Swezey reported a lot of the 
eggs of this nutgrass borer being 92 per cent parasitized by Tricho- 
gramma minutum Riley. A handful of fresh nutgrass leaves was 
collected from a cane field on the grounds of the H.S.P.A. Experi- 
ment Station, June 4. On examination, 13 of the moth eggs were 
found on the under surface of the leaves, in clusters of from 1 to 6. 
Twelve of them were parasitized by Trichogramma; this demon- 
strates why there is so little effect on nutgrass by the larvae of B. 
truculenta. 

Amyna natalis (Walker)—Dr. Swezey exhibited specimens of 
an agrotid new to Hawaii, taken in a Navy light trap at Hickam 
Field, Oahu; a total of six specimens was taken on May 14, 19, 22, 
23 and 26, 1945. The moth is known from India, Burma, Celebes, 
New Guinea, Australia, Fiji, Tonga and Samoa, but there is no 
information concerning its habits or importance. Hampson lists a 
few synonyms (Catalogue of the Lepidoptera Phalaenae in British 
Museum, 10: 461, 1910). 

Polydesma umbricola Boisduval — Mr. Van Zwaluwenburg re- 
corded the presence on Oahu of another agrotid moth new to the 
Territory, the second such immigrant to be found here within the 
past three weeks. Specimens were exhibited. On June 4, 1945, 
F. D. Kennedy of the H.S.P.A. Experiment Station submitted for 
identification, caterpillars and pupae collected by R. E. Mulholland 
at his residence, 1120 Koko Head Ave., Kaimuki, Honolulu. These 
insects were identified by Dr. Swezey as Polydesma umbricola. The 
species is recorded from West and South Africa, Madagascar, In- 
dia, Ceylon, the Andamans, Burma, Formosa and Guam. Dr. Wil- 
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liams collected hatched cocoons near Noumea, New Caledonia, 
which Dr. Swezey identified as this species from pupal characters 
and from a larval head cast. 

On June 5 Messrs. Williams, Rosa and Van Zwaluwenburg 
visited the Kaimuki address and found nearly mature larvae of 
Polydesma abundant in debris at the base of monkeypod trees 
(Samanea saman [Jacq.] Merrill). A few partially-grown larvae 
were found in dry blossom heads among the flower clusters near 
the ends of the branches. In the laboratory the caterpillars fed 
upon monkeypod foliage. In Guam, Dr. Swezey found the species 
associated with Pithecolobium dulce (Roxb.) Benth., but so far it 
has not been found on this tree in Honolulu. Dr. Williams’ New 
Caledonia specimens were found under bark of Albizzia. Pupation 
occurs under loose bark attached to the tree, and takes place within 
a tough cocoon of silk combined with more or less woody material. 
A few pupae were found under stones on the surface of the ground. 

A brief survey showed Polydesma to be generally distributed on 
Samanea throughout Honolulu from Kaimuki to Moanalua. Later, 
on June 8, Dr. Swezey found the larvae at Waipio substation. Two 
adult moths (a male and a female) were taken on June 5 in the 
Experiment Station garage on Makiki Street. From the original 
Kaimuki material Dr. Swezey obtained puparia of Eucelatoria 
' armigera (Coquillett) ; further evidence of tachinid parasitism of 
Polydesma was observed elsewhere about Honolulu. 

Eurytoma, a new enemy of Latrodectus—Mr. Rosa reported that 
several egg cases of the spider Latrodectus geometricus Koch, col- 
lected by his daughter, Miss Mary Frances Rosa, May 11, 1945 on 
the H.S.P.A. Experiment Station grounds, yielded, a week later, 
adults of Eurytoma sp., an insect new to Hawaii. The Eurytoma 
larvae are predaceous on the spider eggs within the case. The spe- 
cies has been tentatively determined by Mr. Fullaway as Eurytoma 
arachnovora Hesse,’ a South African species. The same parasite 
was later bred from geometricus eggs collected at the H.S.P.A. Ex- 
periment Station, Honolulu, May 18 by Mr. Pemberton, and at 
Maili Point, Oahu, May 23 by Mr. Van Zwaluwenburg. On May 
31 Messrs. Rosa and Van Zwaluwenburg observed adult Eurytoma 
emerging from field-collected egg cases of L. mactans (Fabr.) at 
Lualualei, Oahu. 

Anacamptodes fragilaria (Grossbeck )—Mr. Pemberton reported 
that the new immigrant geometrid, referred to earlier as Stegania, 
had now been determined by H. W. Capps of the U. S. National 
Museum, through Mr. Muesebeck, as Anacamptodes fragilaria. It 
is a native of southern California, but little is known there of its 
habits. It was described in the genus Cleora (Canad. Ent., 41: 194, 
1909) but was later removed to Anacamptodes by McDunnough 


5 Later, after examining Hawaiian material, Dr. A. J. Hesse wrote that it is not this 
species. [Ed.]}. 
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(Dept. Agr. Canada, Bul. Ent. 18:29, pl. v, fig. 10, 1920). Mr. 
Van Zwaluwenburg remarked that he recently found larvae of this 
species feeding on foliage of woodrose (Ipomoea tuberosa) at 
Maile, Oahu, under circumstances which precluded the possibility 
that they had dropped onto the vine from another food plant. 


Achaea janata (Linn.)—Mr. Van Zwaluwenburg reported find- 
ing at Waianae, Oahu, larvae of this agrotid feeding on Leucaena 
glauca, Acacia farnesiana and on Prosopis chilensis (“‘kiawe”). The 
last-named was found earlier by Mr. Wirth to be a food plant of 
Achaea. 


JULY 9, 1945 


The 475th meeting was held at the H.S.P.A. Experiment Station 
on Monday, July 9, at 2:00 p.m., with President Jensen in the chair. 

Members present: Messrs. Bianchi, Carter, Jensen, Marlowe, 
Nishida, Pemberton, Rosa, Sakimura, Swezey, Tanada, Van Zwalu- 
wenburg, Williams, Wirth and Zimmerman. 

Visitors: Messrs. D. D. Bonnet, Bernard Brookman, E. D. Eich- 
mann, E. J. Gerberg, Gilbert Gude, G. S. Starkey, G. S. Tulloch, 
J. P. Vinzant, J. E. Webb, Jr., and P. A. Woke. 


NOTES AND EXHIBITIONS 


A parasite of the onion moth—Mr. Tanada reported that on 
March 23 larvae of the plutellid onion moth (Acrolepia assectella 
[Zeller] }) were collected on green onions in a vegetable garden at 
the University of Hawaii; later several more larvae were collected. 
From this material issued two adult moths and two braconid para- 
sites, Chelonus blackburni Cameron. The specimens were identified 
with the aid of Dr. Swezey. 


Megacerus alternatus Bridwell—Dr. Swezey reported for C. J. 
Davis that the latter had collected 21 specimens of this bruchid at 
Keauhou, Kona, Hawaii, May 24, 1945, on an Ipomoea. Undoubt- 
edly this plant was the usual beach species, /. pes-caprae, as that is 
the usual host plant of this beetle. Apparently this is the first col- 
lection of this bruchid on the island of Hawaii, although F. C. 
Hadden reported seeing its work at Kailua, Hawaii, in November 
1929. The round holes in old seed capsules is always evidence of 
infestation by this bruchid. 


Omphisa anastomosalis (Guenée)—Dr. Swezey gave the follow- 
ing observations on the life history of the sweet potato vine-borer, 
A female caught at light produced 70 eggs overnight in a vial, May 
12. Eggs hatched May 18 (6 days). The young caterpillars were 
placed among numerous sprouts on a sweet potato in a jar. They 
entered the sprouts at the axils, and after finishing the sprouts, 
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entered the tuber itself, where they completed their growth. Pupa- 
tion took place in silken cocoons in burrows in the tuber. The first 
pupae were found June 14 (27 days) ; the first moth issued June 26 
(12 days) and moths continued to issue until July 9. Hence the 
length of the stages was as follows: Egg stage 6 days; caterpillar 
stage 27-36 days ; pupal stage 12-16 days; total, 45-58 days. 

Ananca bicolor (Fairmaire)—Mr. Bianchi exhibited discolored 
leaves from a stool of sugar cane upon which a large swarm of this 
oedemerid beetle had been perched for about a month. The discol- 
oration apparently was the effect of some toxic content of the 
beetles’ excrement. Isolated particles of excrement were in all cases 
surrounded by small discolored areas, and when enough of such 
areas joined, the whole leaf became chlorotic. Five or six stools, 
each with many leaves so affected had been pointed out to Mr. 
Bianchi in a cane field at Waialua Plantation, Oahu. 

Achaea janata (Linn.)—Mr. Bianchi recorded this agrotid from 
the island of Hawaii for the first time. It was found on June 5, 
1945 at Pahala, and on June 7 near the entrance to Puu Waawaa 
ranch. Caterpillars were abundant in both places on castor bean 
plants along the Mamalahoa highway. 

Baeus californicus Pierce—Mr. Bianchi reported the first recov- 
ery of this scelionid parasite of Latrodectus eggs on the island of 
Hawaii, where it was liberated in 1939. He found it at South Point 
on June 7, 1945. Of 18 egg cases of Latrodectus mactans (Fabr.) 
collected, one contained both male and female Baeus. Males had not 
been seen before in the Territory, although they have been described 
from California; they are winged, in contrast to the apterous 
females. 

Latrodectus—Mr. Rosa reported an egg case characteristic of 
Latrodectus geometricus Koch, produced by a field-collected female 
spider from Lualualei, Oahu, having the coloration of a typical 
L. mactans (Fabr.). The progeny of this egg case showed a wide 
variation in color and markings. 

Chaetogaedia monticola (Bigot )}—Mr. Rosa reported rearing this 
tachinid fly from pupae of the agrotid Polydesma umbricola Bois- 
duval, a new host record. 

Heliothis attacking watermelon—Dr. Jensen reported a general 
attack by the corn earworm, Heliothis armigera (Hiibner), on wa- 
termelons on the island of Molokai. The infestation was examined 
by Joseph Boyd, truck crop specialist of the University of Hawaii 
extension service, on June 30. Specimens of the larvae and of dam- 
aged melons were brought to Honolulu by Mr. Boyd. The larvae 
were found attacking melons in all stages of growth from newly set 
fruits to mature melons. The tissue along the walls of the feeding 
channels usually became dry and corky, and fermentation developed 
within the melons. Some of the infested melons were partially 
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edible, but most of them were considered a total loss. Of the 56 
acres of melons growing on Molokai last month, approximately 75 
per cent suffered damage from corn earworm, with an estimated 
loss of 50 per cent ‘of the entire crop, according to Mr. Boyd. 

Three fields, of over 10 acres each, comprised most of the water- 
melon acreage. The attack was general over these fields as well as 
in smaller plots. The heaviest infestations occurred in the home- 
stead district, with lesser damage east of Kaunakakai. Although 
the literature records corn earworm larvae feeding on many host 
plants, no reference was found to extensive damage to watermelons 
by this insect. A few melon flies (Dacus cucurbitae Coquillett) 
were also reared from some of the melon samples brought from 
Molokai. However, the damage due to this insect was not consid- 
ered severe during the past month. 


Paraidemona mimica Scudder—Mr. Pemberton exhibited speci- 
mens of this grasshopper, found at Hickam Field, Oahu, on July 5, 
1945, on grass and other low vegetation. The species was identified 
by Drs. Swezey and Williams. This is the first record of this acridid 
in Hawaii. It was described (Proc. U. S. Nat. Mus., 20 [1124]: 
43-44, 1898) from material collected in Texas. The specimens col- 
lected at Hickam Field have been held in the laboratory for pre- 
liminary feeding tests, and have fed on grass, Bidens pilosa, and 
sparingly on sugar cane leaves, Cyperus rotundus and Emilia flam- 
mea. ‘There are apparently no records of this species being of eco- 
nomic importance in Texas. However, it may well prove otherwise 
in Hawaii after it has become generally distributed. 


Polydesma umbricola Boisduval—Dr. Williams spoke of finding 
this agrotid moth in its larval, pupal and adult stages on monkey- 
pod trees, Samanea saman, at Kawela, Molokai, June 19, 1945. 
This is a new island record. From its larvae were reared the tach- 
inid, Eucelatoria armigera (Coquillett) and from the pupae, the 
ichneumonid Ephialtes hawatiensis (Cameron), while a young 
caterpillar yielded a Hyposoter exiguae (Viereck) (Ichneumoni- 
dae). A chalcid, Brachymeria obscurata (Walker), issued from a 
Polydesma pupa. Polistes wasps were busy searching cracks and 
openings in the bark. A specimen of the ostomid (trogositid) 
beetle, Tenebroides nanus (Melsheimer), was found in this Poly- 
desma material. 


Cryptorhynchus mangiferae (Fabr.)—Dr. Williams reported that 
at Mapulehu, Molokai, the mango weevil did a great deal of damage 
in the larval state to mango seeds intended for planting, while in 
two instances the adults were observed with the beak inserted in a 
large fruit, one of which hung on the tree. This damage by adults 
would have lessened the market value. These observations were also 
made previously by George Otsuka, caretaker of the H.S.P.A. 
installations at Mapulehu. 
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Metioche sp.—Dr. Williams mentioned catching with a sweep net 
one of these tiny gryllids in his garden on upper Keeaumoku Street, 
Honolulu, late in 1944. The specimen was not preserved. Then on 
June 4 and 6, 1945, macropterous individuals apparently of this 
Metioche (determined by E. C. Zimmerman) were taken at a light 
trap operated by the Navy at Hickam Field. From June 10 on, 
other brachypterous forms were again taken in his garden. The 
genus occurs in parts of Oceania; it is a new record for Hawaii. 

Polemistus luzonensis Rohwer—Dr. Williams reported taking 
this tiny wasp (Sphecidae, Pemphredoninae) on the grounds of the 
H.S.P.A. Experiment Station, Honolulu, on June 30, 1945, and on 
several days following. The wasps, which are presumably aphid 
hunters, were all males, and were flying up and down two posts con- 
taining small nail holes, and supporting a portion of one of the 
greenhouses. Others were later seen in similar flight alongside the 
trunk of a reyal palm on the Station grounds. Dr. Williams first 
found this wasp in the Philippines in 1917, and from that material 
Rohwer described the species (H.S.P.A. Expt. Sta., Bul. 14, Ent. 
ser., pt. 1: 5-6, 1919). The wasp is new to Hawaii. 


AUGUST 13, 1945 


The 476th meeting was held at the H.S.P.A. Experiment Station, 
on Monday, August 13, at 2:00 p.m., with President Jensen in the 
chair. 

Members present: Messrs. Bianchi, Carter, Faxon, Fullaway, 
Hadden, Holdaway, Jensen, Pemberton, Rosa, Sakimura, Swezey, 
Van Zwaluwenburg, Williams, Wirth and Zimmerman. 


Visitors: Messrs. A. L,. Block, D. D. Bonnet, Bernard Brook- 
man, J. R. Douglas, R. D. Eichmann, Gilbert Gude, E. M. Miller, 
R. Z. Pepper and J. E. Webb, Jr. 

Dr. Swezey was unanimously elected to honorary membership in 
the Society. The President remarked that such action was most fit- 
ting, Dr. Swezey having witnessed the formation and growth of the 
Society, and having been one of its founders. 


PAPERS 


On behalf of C. J. Davis and A. L. Mitchell, Mr. Pemberton 
presented a paper entitled: ‘““Notes on Host Records of Philaenus 
spumarius (Linn.) at Kilauea, Hawaii National Park (Homoptera, 
Cercopidae)”. For Mr. C. F. W. Muesebeck, Mr. Fullaway pre- 
sented a paper entitled: ““A new Apanteles from Hawaii (Hymen- 
optera, Braconidae)”. Mr. Fullaway also presented Howard L. 
McKenzie’s paper: “A new Species of Lepidosaphes attacking 
Dendrobium Orchids in Hawaii and California (Homoptera, Coc- 
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coidea, Diaspididae)”. For Lt. Sherwin F. Wood, Dr. Carter pre- 
sented a paper entitled : “The Occurrence of Trypanosoma conorhini 


Donovan in the Reduviid Bug Triatoma rubrofasciata (Degeer) 
from Oahu, T. H.”. 


NOTES AND EXHIBITIONS 


Systole geniculata Foérster—Mr. Sakimura reported that this 
fennel seed chalcid, known from the Territory since 1930, was dis- 
covered causing damage to Chinese parsley, “yuen-sai” (Coriandrum 
sativum) in Manoa, Honolulu. This new host plant is a close rela- 
tive of fennel and carrot. The larvae feed within the seeds, making 
them non-viable. Seeds from infested plants showed a very poor 
rate of germination. Identification of the insect was made by Dr. 
Swezey. 

Pamakani stem gall fly—Mr. Fullaway reported that the trypetid 
fly, Procecidochares sp., which breeds in the stems of “pamakani” 
(Eupatorium glandulosum), is now established on Mt. Tantalus, 
Oahu, and in upper Kula on the island of Maui. -The fly is an intro- 
duction from the Cuernavaca region of Mexico, by the Board of 
Agriculture. Since January, collections made by Mr. Krauss have 
been received frequently by air, and the adult flies either liberated 
or held for propagation. The fly is easily handled, and during the 
summer its numbers were increased many times by cage rearing. 
Fresh galls have been noticed on Tantalus for several months, but 
the establishment on Maui is very recent, for shipments to that 
island were not made until the middle of May. 

Eurytoma sp.—Mr. Fullaway spoke of this new immigrant wasp, 
predaceous on eggs of Latrodectus. Specimens sent to the U. S. 
National Museum were reported by A. B. Gahan to be similar to a 
Eurytoma of similar habits from Puerto Rico, which may be iden- 
tical with E. arachnovora Hesse* from South Africa. 

Hercinothrips femoralis (Reuter )—Mr. Bianchi reported heavy 
damage to bananas by this thrips at the Campbell plantation at Mo- 
kuleia, Oahu. In some of the western fields thrips are so abundant 
that hardly a bunch of fruit escapes without some damage, and in 
many cases every individual fruit is completely discolored. The 
eastern end of the plantation is less badly affected but, according to 
the manager, damage is on the increase there. In some fields the 
injury by thrips is aggravated by the work of red spider, the effects 
of drought and the difficulties.currently impeding proper cultiva- 
tion. When the thrips population on a fruit is relatively small the 
injury is a characteristic “silvering”. When the number of thrips 
is great, or perhaps when their work is aggravated by red spider and 
other factors, each banana assumes a peculiar reddish color, which, 
while not affecting the edibility of the fruit, mars its appearance and 
lowers its market value. 


* See p. 476. 
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Anacamptodes on Molokai and Maui—Mr. Van Zwaluwenburg 
reported finding larvae of A. fragilaria (Grossbeck) on the south 
coast of Molokai on July 18, 1945; they were on kiawe (Prosopis 
chilensis [Molina] Stuntz) at various places along the main road 
from the Kamalo district, about eight miles east of Kaunakakai, to 
a point about five miles west of the town. Mr. Pemberton added 
that he had observed this moth at Haiku, Maui on July 26. These 
are new island records for the species, previously known only from 
Oahu and Kauai. 


Polydesma umbricola Boisduval—Mr. Pemberton reported that 
Douglas J. Worcester and William Brandt had found this agrotid 
moth and its caterpillars abundant on monkeypod trees (Samanea 
saman) at Lahaina, Maui, early in July 1945. 


Orchidophilus peregrinator Buchanan — Dr. Swezey exhibited 
specimens of this orchid weevil collected at a Nuuanu orchid gar- 
den in June. One hundred thirty-four specimens were given him 
by Dr. Carter, with the idea that there might be more than one spe- 
cies among them. However, upon comparison with a paratype 
specimen under a binocular microscope, all proved to be O. pere- 
grinator. This indicates that this species is of more importance in 
Honolulu than Dr. Swezey realized when preparing his recent paper 
on “Insects Associated with Orchids” (Proc. Haw. Ent. Soc., 12: 
343-403, 1945). 


Heliothis armigera (Hiibner )—Dr. Swezey exhibited a moth of 
the corn earworm reared from a uniformly green caterpillar found 
by him on a leaf of tree tomato (Cyphomandra betacea Sendtner), 
where it had been feeding extensively. He had at first thought the 
caterpillar might be a different species, but the moth which issued 
proved to be the same as a specimen reared from an ear of corn 
whose caterpillar had the usual corn earworm markings. 


Acrapex exanimis (Meyrick)—Dr. Swezey exhibited specimens 
of this agrotid moth found among material from a wind trap oper- 
ated by Mr. Sakimura in a pineapple field in the Kunia district, 
Oahu, March 9, 1943. It is the first specimen he had seen since 
1927 and 1928, when he reared several moths from larvae boring 
in the stems of a grass (Panicum torridum) growing on the western 
slope of Koko Head, Oahu. The moth was described by Meyrick 
as a Caradrina (Fauna Haw. 1:153, 1899) from a single worn 
female collected in Kona, Hawaii by Dr. Perkins. It was rede- 
scribed by Meyrick from material reared by Dr. Swezey from Koko 
Head (Proc. Haw. Ent. Soc., 7:92, 1928), and an account of its 
life history was given by Dr. Swezey (l.c.,: 179-181, 1928). More 
recently two specimens were found among material from a light trap 
operated in the Kunia district by Major J. E. Webb, Jr., of the 18th 
Medical General Laboratory. These moths must have flown down 
from the forest where Panicum kaalense grows, for Dr. Swezey 
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had found this grass with stems bored, along the trail near the base 
of Mt. Kaala, but had failed to find any larvae in the stems at the 
time. 


Weevil damage to Vanda orchids—Dr. Holdaway reported that 
the orchid weevil, Orchidophilus peregrinator Buchanan, probably, 
a native of the Philippines, has been causing serious injury in a 
large commercial orchid garden in Nuuanu Valley, and materially 
reducing the production of Vanda blooms. Injury results princi- 
pally from the feeding of the adults on the buds, and the feeding of 
the larvae in the leaves and aerial roots. Since September 1944 
studies on the control of the weevil have been undertaken in co- 
operation with William Kirch of the University Experiment Station 
orchid project and Robert Warne of Nuuanu. These studies, in- 
volving eight different chemicals, have extended from greenhouse 
experiments to studies on field control involving weevil counts and 
flower production in the orchid garden. The experiments, which 
have indicated the superiority of DDT over all other insecticides, 
will be presented in detail at a later date. 

Other observations have indicated that this weevil is capable of 
serious injury also to Phalaenopsis and Dendrobium orchids. Dr. 
Swezey (Proc. Haw. Ent. Soc., 12: 346-348, 1945) records that 
the species has been intercepted at Honolulu on the following 
orchids from the Philippines: Phalaenopsis schilleriana, P. amabilis 
and Grammatophyllum multiflorum. He also states that the only 
record of its occurrence in Honolulu was in 1928 in the orchid 
house of the late Mr. F. C. Atherton, the first record of the 
weevil in Hawaii. Since the preparation of Dr. Swezey’s paper, 
Dr. Carter (Proc. Haw. Ent. Soc., 12 : 223, 1945) has recorded the 
weevil in Vanda teres. It is apparent from our observations during 
the past twelve months that this weevil has become entrenched in 
orchids on Oahu, and is capable of serious injury to the growing 
orchid industry. 


SEPTEMBER 10, 1945 


The 477th meeting was held at the H.S.P.A. Experiment Station 
on Monday, September 10, at 2:00 p.m., with President Jensen in 
the chair. 

Members present: Messrs. Bianchi, Faxon, Holdaway, Jensen, 
Keck, Pemberton, Rosa, Sakimura, Swezey, Van Zwaluwenburg, 
Williams, Wirth and Zimmerman. 

Visitors: Messrs. J. E. Alicata, E. W. Bushing, D. D. Bonnet, 
Bernard Brookman, R. D, Eichmann, E. M. Miller, J. J. Raynes 
and P. W. Weber. 

Dr. Holdaway proposed Dr. J. E. Alicata for membership in the 
Society. 
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PAPERS 


Dr. Swezey presented two papers, one: “Some New Species of 
Cerambycidae from the Island of Hawaii (Coleoptera)”’, the other 
by himself and Mr. Zimmerman: “Synonymic Notes on Argyro- 
ploce illepida (Butler) and A. carpophaga (Walsingham) (Lepi- 
doptera, Eucosmidae)”. Dr. Williams presented a paper entitled: 
“Stigmatomma (Fulakora) zwaluwenburgi, a new Species of Po- 
nerine Ant from Hawaii”. 


NOTES AND EXHIBITIONS 


Additional host plants of Polydesma—On August 20, Messrs. 
Rosa and Van Zwaluwenburg found larvae and pupae of P. umbri- 
cola Boisduval under bark of Albizsia lebbek (Linn.) Bentham. 
Evidence of feeding was abundant on the tender leaves. The next 
day numerous Polydesma larvae, large and small, were found in 
debris and under stones at the base of isolated Pithecolobium dulce 
(Roxb.) Bentham (“‘opiuma”) trees, which had suffered consider- 
able foliage damage. One Erebus odora (Linn.) was also found 
associated with opiuma. Dr. Williams found Polydesma on Albizzia 
in New Caledonia, and Dr. Swezey found it associated with P. dulce 
on Guam, but until now neither plant was known to be a host for 
this agrotid in Hawaii. 


Corn earworm infesting watermelon—Dr. Holdaway commented 
on a recent record by Dr. Jensen of attack by corn earworm (Heli- 
othis armigera [Hibner]) on watermelons on Molokai. This is 
apparently the first record of this species attacking watermelofi. 
Speculation on the reasons for this infestation is of interest. Dur- 
ing 1944 there was considerable wartime planting of corn on Molo- 
kai: 1,200 to 1,500 acres. During 1945 the acreage was somewhat 
less. By June 1945, when the infestation of watermelons was re- 
corded, there was very little corn on the island. Kaunakakai, where 
the infestation occurred, is not in the direct line of the prevailing 
wind from the Kualapuu region where the large plantings of corn 
were. However, it seems quite probable that a large population of 
earworm moths developed in the corn were available for oviposition 
in the absence of the more favored host, corn. Some years ago a 
somewhat similar state of affairs was encountered when lettuce, not 
a normal host, was attacked by Heliothis larvae at Waimea, Hawaii. 
As a result, the moths oviposited on lettuce. The larvae caused 
injury to the lettuce, but could not be reared through to adults on 
that plant. 


A heavy infestation of corn aphid—Dr. Holdaway reported heavy 
infestations of corn aphid, Aphis maidis Fitch, observed during the 
past two weeks on sweet corn at the Army farm, Kipapa airfield, 
Oahu. The infestation was so heavy that in two fields with corn 
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plants 3 to 4 feet and 5 to 6 feet high respectively, almost every 
plant is infested, many of them severely. In the older planting 
infestation must run to many thousands of aphids per plant ; leaves 
are covered with a thick encrustation of aphids; leaves of badly 
infested plants are wilted, and some show a dry, chlorotic condition. 
It is reported that two years ago at about this time of year, heavy 
infestations also occurred. At that time a cessation of corn growing 
was followed by reduction of the trouble. These infestations are 
interesting from various angles. USDA-34 is apparently a variety 
very susceptible to corn aphid. Moreover, corn has now been grown 
continuously at Kipapa for several years, and thus there has been a 
continuous supply of susceptible food for building up a high popu- 
lation. It seems as though these two facts with a possible third— 
particularly favorable weather conditions for increase of the aphid 
—are responsible for the present infestation. 

Rhipidius sp. in Hawaii—Dr. Williams exhibited several male 
specimens of this curious rhipiphorid beetle, new to Hawaii, which 
is probably parasitic in the cockroach, Blattella germanica (Linn.). 
Such a beetle was first observed as an interception on an Army 
plane from the South Pacific on January 25, 1944, when it was dis- 
sected out of an adult B. germanica. Later it was taken at light 
traps at Hickam Field and at Ewa, Oahu, by Mr. Wirth, who sub- 
mitted the catch to Dr. Williams. The beetles are now in the 
H.S.P.A. Experiment Station collection with their dates of capture 
from late June to late August 1945. Hypermetamorphosis occurs 
in Rhipidius much as it does in the Meloidae. The male Rhipidius 
has flabellate antennae and short elytra; the female is apterous and 
larviform and remains within the body of its host. Rhipidius pec- 
tinicornis Thunberg (R. blattarum [Sundevall]) is European and 
has been introduced into the United States. Our species has not yet 
been determined. 


OCTOBER 8, 1945 


The 478th meeting was held at the H.S.P.A. Experiment Station 
on Monday, October 8, at 2:00 p.m., with President Jensen in the 
chair. 


Members present: Messrs. Bianchi, Carter, Faxon, Fullaway, 
Jensen, Nishida, Rosa, Swezey, Van Zwaluwenburg, Williams, 
Wirth and Zimmerman. 

Visitors: Messrs. Bernard Brookman, E. J. Gerberg and G. S. 
Starkey. 

Dr. J. E. Alicata was unanimously elected to active membership 
in the Society. Mr. Clifton J. Davis was nominated for correspond- 
ing membership. 
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It was unanimously voted to send $50 to the Zoological Society 
of London, for the Zoological Record fund. 


PAPER 


On behalf of Dr. R. I. Sailer, Mr. Zimmerman presented a paper 
entitled: “The Synonymy and Distribution of Trichocorixa reticu- 
lata (Guérin-Ménéville) (Hemiptera, Corixidae)”. 

Apanteles tapatapaoanus Fullaway—Mr. Fullaway proposed the 
above new name for the braconid parasite of a sweet potato Bedellia 
from Samoa, described by him as Apanteles bedelliae (Proc. Haw. 
Ent. Soc., 11:46, 1941) from material bred by Dr. Swezey. In 
naming this species the fact was overlooked that the name bedelliae 
had previously been used by Viereck (Proc. U. S. Nat. Mus., 40: 
174, 1911) in describing an Apanteles bred from Bedellia at Wash- 
ington, D.C. It was suggested to Mr. Fullaway by Mr. Pemberton 
that the two Apanteles might be identical, but after examination of 
many examples of the American species Mr. Fullaway states defi- 
nitely that the Samoan species is different. Hence a new name is 
necessary, and Apanteles bedelliae Fullaway becomes A. tapatapa- 
oanus Fullaway. A. bedelliae Viereck, introduced from Kansas 
during the past summer by the Board of Agriculture, is now estab- 
lished in a few localities on Oahu. 

Two aleyrodids new to Hawati—Mr. Zimmerman reported that 
Miss Louise Russell, of the U. S. Bureau of Entomology, has iden- 
tified for him two aleyrodids not hitherto reported from the Terri- 
tory. One is the iris whitefly, Aleyrodes spiraeoides Quaintance, 
from iris at Waiakoa, Kula, Maui, collected in April 1945. The 
other is Aleyrodes shizuokensis Kuwana, known to Dr. Swezey on 
O-xalis in his garden in Manoa Valley for the past 20 years. The 
iris-infesting species was described (U. S. Bur. Ent. Bul., Tech. 
ser., 8: 36, 1900) from California; Kuwana’s species was described 
from Japan (Pomona Coll. Jl. Ent., 3: 620, 1911). 

Corn aphid infestation—Dr. Holdaway and Mr. Nishida dis- 
cussed further the infestation of Aphis maidis Fitch at Kipapa, 
Oahu, reported at the previous meeting. According to the field staff, 
aphid infestations had been heavy on repeated plantings of corn 
throughout the summer (since May or June). A parasite, appar- 
ently the braconid Lysiphlebus testaceipes (Cresson), present in the 
field when the earlier observations were made (during the first 
week of September), increased somewhat in abundance during 
September. Up to the last week of the month, however, it had not 
increased sufficiently to prevent heavy infestation of new corn 
plantings, so insecticidal control of the aphids was resorted to. 
Three applications of nicotine held the infestation down during the 
early growth of the crop, but, by the time the corn was 4 to 5 feet 
high and difficult to spray, heavy infestations had developed. 
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It was observed that aphids occurring in the “cone” of unfolded 
young leaves were not parasitized. During the last week in Septem- 
ber heavy rains reduced aphid abundance considerably, while living 
aphids were removed from the leaves by the action of the rain, 
parasitized individuals remained. It is interesting to speculate on 
the possible result of the rainfall on the ultimate aphid population. 
The rains no doubt destroyed many adult parasites as well as aphids, 
but the parasitized aphids, protected from the mechanical action of 
the rain, may serve as a source of parasites to reduce the infestation 
more quickly than would have been possible without the aid of rain. 

Capitophorus chrysanthemi Theobald—Dr. Jensen reported the 
occurrence in Hawaii of the above aphid, new to the Territory. 
Identification was by Prof. E. O. Essig after comparison with type 
material from the British Museum. Theobald described the species 
(Bul. Ent. Res., 11:69, 1920) from material collected on chrysan- 
themum in South Africa; it occurs also in Egypt. Prof. Essig 
writes: “It is apparently of Chinese or Japanese origin. What I 
feel certain is the same species was described as C. formosanus by 
Takahashi from Chrysanthemum sinensis from Formosa in 1929.” 
The record for Hawaii is based upon a single alate specimen col- 
lected by Dr. Jensen on chrysanthemum at Waipahu, Oahu, May 
15, 1945. Although this host plant has been examined several times 
at Waipahu and elsewhere on Oahu, additional specimens of this 
aphid have not been found to date. The specimen from Waipahu 
was pale green in color and, in gross appearance resembled the 
potato aphid, Macrosiphum solanifolii (Ashmead), except that C. 
chrysanthemi is somewhat smaller and has darker, more conspicuous 
wing veins. 

Neoclytarlus dodonaeae Swezey — Dr. Swezey said that four 
specimens of this cerambycid beetle had issued from a portion of 
Dodonaea trunk since the previous meeting of the Society, at which 
he presented a description of the species based on two specimens 
received earlier from C. J. Davis of the Hawaii National Park. 


NOVEMBER 19, 1945 


The 479th meeting was held at the H.S.P.A. Experiment Station 
on Monday, November 12, at 2:00 p.m., with President Jensen in 
the chair. 

Members present: Messrs. Bianchi, Carter, Fullaway, Holdaway, 
Jensen, Nishida, Rosa, Sakimura, Swezey, Van Zwaluwenburg, 
Williams, Wirth and Zimmerman. 

Visitors: Messrs. G. F. Augustson, J. V. Benschoter, D. D. Bon- 
net, R. D. Eichmann, M. B. Folb, Gilbert Gude, M. S. Johnson, 
E. C. Nelson, R. Z. Pepper and P. W. Weber. 
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Mr. Clifton J. Davis was unanimously elected to corresponding 
membership in the Society. The name of Dr. David D. Bonnet was 
nominated for active membership. 


PAPERS 


Mr. Bianchi presented two papers: “Conocephalothrips tricolor, 
a new Urothripid from Hawaii”, and “Additions to the Thysanop- 
tera from the Island of Hawaii”. Mr. Zimmerman presented two 
papers: “New Usingerius from the Philippines and Borneo (Cole- 
optera, Curculionidae)”, and “Browne 1887, not Douglas 1888, the 
Author of Orthezia insignis (Homoptera, Coccoidea)”, and, on be- 
half of Dr. Karl Jordan another, entitled : “On the Species of Arae- 
cerus Schoenherr known from the Hawaiian Islands (Coleoptera, 
Anthribidae)”. Dr. Jensen presented a paper entitled: “The Iden- 
tity and Host Plants of Blossom Midge in Hawaii (Diptera, Ceci- 
domyiidae, Contarinia) ”. 


NOTES AND EXHIBITIONS 


Coloradoa rufomaculata (Wilson) — Dr. Jensen reported the 
presence in Hawaii of an aphid genus not previously recorded from 
the Territory. The aphid, Coloradoa rufomaculata, (Aphis rufo- 
maculata Wilson. Ent. News, 19: 261, 1908), was identified by 
Prof. E. O. Essig from material collected on chrysanthemum by 
Dr. Jensen at Waipahu, Oahu, May 15, 1945. It occurred in 
large numbers on the terminal growth of the plants, and to a lesser 
extent on the under surface of the older leaves. Apterae were abun- 
dant, but winged forms were very scarce. However, several alates 
were reared in the laboratory. In life this aphid appears bright 
green in general color, but has an inconspicuous whitish bloom due 
to the numerous small, capitate hairs on the body. 

The species has been recorded from Artemisia vulgaris var. in- 
dica, Chrysanthemum sinensis and Siegesbeckia orientalis in Japan, 
and from chrysanthemum in India, Egypt, China, Australia, Eng- 
land, New York, Pennsylvania, South Carolina, Colorado and 
California. 

A new eriophyid on mango—On behalf of Mr. Look, Dr. Wil- 
liams presented the following note: An eriophyid collected from 
mango leaves at Hilo, Hawaii, April 1, 1945, has been identified by 
H. H. Keifer as an undescribed species of Oxypleurites. Heavy 
infestations on a mature tree and on seedlings were observed by 
Mr. Look during periods of dry weather at Hilo. 


Graptostethus servus (Fabr.)—Mr. Van Zwaluwenburg said that 
a specimen of this lygaeid bug, collected some days earlier at Olo- 
walu, Maui, was received on October 11 from D. J. Worcester. 
This is a new island record for the species, previously known locally 
only from Oahu and Kauai. 




















489 


Achaea janata (Linn.)—Mr. Van Zwaluwenburg said that on 
October 12, R. E. Doty found a nearly full-grown larva of this 
immigrant agrotid feeding on Euphorbia hirta Linn. in Honolulu. 
This is the first record in Hawaii of this insect feeding on this host. 
Mr. Bianchi spoke of finding Achaea larvae feeding on Codiaeum, 
the ornamental croton, at Waialae, Honolulu. This is a new host 
record. 

Metioche sp—Mr. Rosa reported that he recently found this tiny 
cricket at Waianae, Oahu, as well as in his garden in Nuuanu Val- 
ley, Honolulu. 

Eurytoma sp. on Maui—Dr. Carter reported that he had bred 
this recent immigrant which preys on eggs of Latrodectus spp., on 
the island of Maui, a new distribution record. The spiders are a 
pest of pineapples according to Dr. Carter, binding the growing, 
central leaves and causing abnormal growth. 

Ceroplastes rubens Maskell—Dr. Carter reported finding this 
wax scale on a Stanhopea orchid plant in Honolulu. 

Encyrtid parasites of Pseudococcus brevipes (Cockerell)—Dr. 
Carter said that Anagyrus coccidivorus Dozier and Hambletonia 
pseudococcina Compere, introduced from Central America and Bra- 
zil, were apparently doing good work on the pineapple mealybug in 
one locality in a Baldwin Packers field in west Maui, where the 
dominant ant was Paratrechina longicornis (Latreille), the so-called 
crazy ant. The parasitism was high, and pineapple wilt quite scarce. 

New insect records from Kauai—Mr. Fullaway reported that 
Stephen Au, plant inspector on the island of Kauai, had recently 
submitted specimens from Koloa, Kauai, of the small cricket, M ett- 
oche sp., and of the new immigrant agrotid moth, Polydesma umbri- 
cola Boisduval. In an egg sac of the spider Latrodectus geometricus 
Koch, also from Kauai, Eurytoma sp. were present. This newly 
established predator on Latrodectus eggs was first found on Oahu 
in May, 1945. 


DECEMBER 10, 1945 


The 480th meeting was held at the H.S.P.A. Experiment Station 
on Monday, December 10, at 2:00 p.m., with President Jensen in 
the chair. 

Members present: Messrs. Alicata, Bianchi, Bonnet, Bryan, Car- 
ter, Faxon, Fullaway, Holdaway, Jensen, McBride, Pemberton, 
Rosa, Sakimura, Swezey, Tanada, Van Zwaluwenburg, Williams, 
Wirth and Zimmerman. 

Visitors: Miss Mabel 'T. Chong, Messrs. R. D. Eichmann, M. B. 
Folb, M. S. Johnson, L. K. Jones, J. G. Lewis and H. F. Riley. 

Dr. David D. Bonnet was unanimously elected to active member- 
ship. Mr. J. Guy Lewis was nominated for membership in the 


Society. 
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' This being the annual meeting, the following slate of officers to 
serve during the coming year was presented : 
President N. L. H. Krauss 
Vice-President Kay Sakimura 
Secretary-T reawiret. 2 os F. X. Williams 
Additional Members of D. D. Jensen 
Executive Committee C. E. Pemberton 


There were no further nominations, and the above nominees were 
elected to office. 

The revised Constitution of the Society, together with the’ amend- 
ments proposed at the preceding meeting, was unanimously adopted. 

President Jensen relinquished the chair to Mr. Sakimura, the 
vice-president elect, and presented the annual presidential address: 
“Virus Diseases of Plants and their Insect Vectors, with special 
Reference to, Hawaii”. 

PAPERS 


Dr. Williams presented a paper : ““T'wo new. Species of Astatinae, 
with Notes on the Habits of the Group (Hymenoptera, Spheci- 
dae)”. Mr. Zimmerman presented his paper: “A remarkable new 
Pseudopsectra’from Maui (Neuroptera, Hemerobiidae)”, and for 
Dr. Usinger the latter’s : “Notes and Descriptions of Ceratocombus 
- (Hemiptera, Cryptostemmatidae)”. Dr. Swezey presented a paper 
entitled : “New Species of Hawaiian Lepidoptera”. 


NOTES AND EXHIBITIONS 


Strumigenys (Cephaloxys) membranifera Emery var. williamsi 
Wheeler—Dr. Williams recorded the finding of a single specimen, 
a worker of this hypogaeic myrmicine ant, in soil at the H.S.P.A. 
Experiment Station in October, 1945, a new record for the island 
of Oahu. The variety was described from specimens collected under 
moss near Olaa, Hawaii in April, 1932. (Proc. Haw. Ent. Soc., 8: 
276, 1933.) ‘ 

Tenodera angustipennis Saussure—Mr. Bianchi exhibited an egg 
case of this mantid which had yielded the callimomid parasite Poda- 
grion mantis Ashmead, as well as a single specimen of the eupelmid 
Cerambycobius cushmani Crawford. 

Parasites of Procecidochares sp—NMr. Fullaway exhibited a jar 
of the pamakani gall-fly (Procecidochares sp.) with inclusions of 
Diachasma tryoni (Cameron) and Eurgtoma sp. It is suspected 
that both these parasites developed on the trypetid gall-fly. 

A new geometrid moth—Dr. Williams reported that a single 
specimen of a geometrid moth, unlike any previously known here, 
according to Dr. Swezey, was caught in a light trap at Kaneohe, 
Oahu, by Mr. Wirth on August 23, 1945. The moth is brown with 
darker wavy bands across the fore and hind wings. 

Notes on Hawaiian Tendipedidae (Chironomidae)—Mr. Wirth 
presented the following notes: 
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Tabulation of known Hawaiian species 
Discussed by Williams 
Named (1944) * but unnamed New 
Tendipes (Chironomus).. 1 1 1 
Tanytarsus 1 ss 2 
Spaniotoma 
Metriocnemus 
Telmatogeton 
Clunio 


AS: 3 


Tendipes sp. A plain-winged Tendipes which may, on further 
examination, prove to be the same as specimens identified by Van 
Zwaluwenburg in late 1944 from a light trap at Hickam Field, 
has been taken in a light trap operated at Ewa, Oahu, in Novem- 
ber, 1945. The Ewa specimens differ from 7. hawaiiensis (Grim- 
shaw) in lacking the pre-apical femoral dark bandings, the 
medial cross-vein is not infuscated, and details of the male genitalia 
are different. Typically the Ewa specimens are smaller than hawai- 
iensis, the brown markings are restricted, and the male antennae are 
more sparsely plumose. 

Tendipes sp. A spotted-winged Tendipes from the Ewa light 
trap appears to be new to Hawaii. The first specimens were noted 
on October 25, 1945, and between that date and November 30, 65 
females were taken in 27 trap-night’s collections. Since only females 
have been taken, it is suggested that this species may be reproducing 
parthenogenetically. Dr. Williams collected a similar species in New 
Caledonia in 1940, including males. 

Tanytarsus sp. Mt. Kaala, Oahu, November 6, 1945, W. W. 
Wirth. Nine males swept while swarming beside trail. A relatively 
large, black species with broad creamy bands on the tarsi. (Tany- 
tarsus lacteiclavus Grimshaw is a small green species). New record 
for Hawaii, probably endemic. 

Tanytarsus sp. Mt. Kaala, Oahu, November 6, 1945, W. W. 
Wirth. Two males swept while swarming beside trail. Black, 
smaller than the preceding species, with narrower bands (annula- 
tions). A new record from Hawaii, probably endemic. 

Metriocnemus sp. Numerous specimens of what is probably the 
same as Williams’ Metriocnemus no. 2 (l.c.: 165, 1944) were taken 
on r Kaala, Oahu, by sweeping on August 22 and November 6, 
1945. 

Clunio sp. Edwards identified specimens sent him by Williams as 
three different new species of Clunio (l.c.: 170-171, 1944), each 
from a different locality on the Oahu coast. Numerous males, of 
which three had the wingless female attached in copulation, were 
taken December 1-5, 1945 in a light trap operated at Lanikai, Oahu. 


* Proc. Haw. Ent. Soc., 12, 154-171, 1944. 
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One male with attached female was taken in light trap operated at 
the Kaneohe Territorial hospital, about one mile inland. 

Clunio sp. One male was taken in a light trap operated in Hilo, 
Hawaii at the Plague Laboratory in November, 1945. A different 
species from the Lanikai specimens. The first record of Clunio 
from the island of Hawaii. 

Notes on Hawaiian Heleidae (Ceratopogonidae)—Mr. Wirth 
presented the following: 

The four known species of Hawaiian heleids have been collected 
as follows: 

1. Apelma brevis Johannsen. In light traps at Wheeler Field, 
Oahu, November, 1945; Schofield Barracks, Oahu, November, 
1945; Lanai City, Lanai, October 10, 1945 (D. D. Bonnet). The 
last record is apparently the first from Lanai, though the species 
should have been present for a long time in the large pineapple 
plantings there. 

2. Forcipomyia ingrami Carter. Commonly collected in light 
traps and by hand collections throughout Oahu, from the summit 
of Mt. Kaala (4,030 ft.) to sea level. What may be a different form 
has been taken in a light trap at Wheeler Field in November, 1945, 
as well as by hand collections from Manoa Valley, Kamananui 
stream and Mt. Kaala, all on Oahu. Females are much smaller and 
darker than typical ingrami, and the hairs of the mesonotum are 
black rather than golden. F. ingrami was also taken in the light trap 
at Hilo, Hawaii, in November, 1945. 

3. Dasyhelea calvescens Macfie. Adults were abundant at Hana- 
uma Bay, Oahu, the type locality, swarming over the rocks back of 
the shore. Larvae were taken from the felt-like growth of algae 
and diatoms in the shallow pools in the rocks receiving the splash 
from the sea at high tide. 

4. Dasyhelea hawatiensis Macfie. Commonly collected in light 
traps and by hand collections throughout Oahu, from Mt. Kaala to 
sea level. The Mt. Kaala specimens were entirely black, even to the 
tips of the halteres. Specimens taken in a light trap on Judd Street, 
Honolulu, were a brilliant yellowish green with small brown tho- 
racic markings and with a black dorsal patch on the abdomen. Macfie 
(Stylops, 3: 133-134, 1934) described the species from Hering 
Valley specimens which he characterized as brownish, with the scu- 
tellum and halteres paler. Either this species is exceedingly vari- 
able, or characters may be found which will definitely separate what 
is probably a highland, from the lowland, form. A series of adults 
collected at one of the falls in upper Manoa Valley exhibits a wide 
range in color variation, from yellow to dark brown. The extreme 
color forms also differ markedly in the distribution of macrotrichia 
on the wings. D. hawaiiensis was also taken in the light trap in Hilo, 
Hawaii, on November, 1945; this is apparently a new island record 
for the species. 
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One male with attached female was taken in light trap operated at 
the Kaneohe Territorial hospital, about one mile inland. 

Clunio sp. One male was taken in a light trap operated in Hilo, 
Hawaii at the Plague Laboratory in November, 1945. A different 
species from the Lanikai specimens. The first record of Clunio 
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Notes on Hawaiian Heleidae (Ceratopogonidae)—Mr. Wirth 
presented the following : 

The four known species of Hawaiian heleids have been collected 
as follows: 

1. Apelma brevis Johannsen. In light traps at Wheeler Field, 
Oahu, November, 1945; Schofield Barracks, Oahu, November, 
1945; Lanai City, Lanai, October 10, 1945 (D. D. Bonnet). The 
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plantings there. 
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stream and Mt. Kaala, all on Oahu. Females are much smaller and 
darker than typical ingrami, and the hairs of the mesonotum are 
black rather than golden. F’. ingrami was also taken in the light trap 
at Hilo, Hawaii, in November, 1945. 

3. Dasyhelea calvescens Macfie. Adults were abundant at Hana- 
uma Bay, Oahu, the type locality, swarming over the rocks back of 
the shore. Larvae were taken from the felt-like growth of algae 
and diatoms in the shallow pools in the rocks receiving the splash 
from the sea at high tide. 

4. Dasyhelea hawatiensis Macfie. Commonly collected in light 
traps and by hand collections throughout Oahu, from Mt. Kaala to 
sea level. The Mt. Kaala specimens were entirely black, even to the 
tips of the halteres. Specimens taken in a light trap on Judd Street, 
Honolulu, were a brilliant yellowish green with small brown tho- 
racic markings and with a black dorsal patch on the abdomen. Macfie 
(Stylops, 3: 133-134, 1934) described the species from Hering 
Valley specimens which he characterized as brownish, with the scu- 
tellum and halteres paler. Either this species is exceedingly vari- 
able, or characters may be found which will definitely separate what 
is probably a highland, from the lowland, form. A series of adults 
collected at one of the falls in upper Manoa Valley exhibits a wide 
range in color variation, from yellow to dark brown. The extreme 
color forms also differ markedly in the distribution of macrotrichia 
on the wings. D. hawaiiensis was also taken in the light trap in Hilo, 
Hawaii, on November, 1945; this is apparently a new island record 
for the species. 
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LEHR ARTIMAN WHITNEY 
1890-1945 


The death of the veteran entomologist and plant quarantine 
inspector, Lehr Artiman Whitney, occurred February 21, 1945, 
after a lingering illness. At his death Mr. Whitney was 54 years 
of age. During the past quarter century his residence had been in 
Honolulu. 


LEHR ARTIMAN WHITNEY 


Mr. Whitney was born September 25, 1890, in Nevada, Iowa, 
but most of his early life was spent in California, where he attended 
school in the town of Orange. As a young man he worked in the 
orange groves of southern California, and it was there undoubtedly 
that he became interested in the pest problems of the horticulturist, 
an interest which eventually led to his adoptien of the career of 
agricultural inspector. From 1911 on, he was contributing notes 
on insect pests to the monthly bulletin of the California State Com- 
missioners of Horticulture. In 1920, while working with his 
brother, B. B. Whitney, in the San Francisco office of the state 
quarantine service, he was engaged by the Hawaiian Board of Agri- 
culture and Forestry to take the place vacated by D. B. Langford, 
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as assistant to the late E. M. Ehrhorn. On the retirement of Mr. 
Ehrhorn in 1926, Mr. Whitney becamie the active head of the plant 
quarantine service and made a record there for quiet, efficient han- 
dling of the plant quarantine work. 

Despite heavy physical handicaps, Mr. Whitney achieved distinc- 
tion as. a coccidologist, and his collection and. study of coccids made 
him a valuable worker in the entomological field here, where these 
insects had long been neglected. Together with his wife Bernice, 
he spent much time also on the Diptera. In 1937 Mrs. .Whitney 
died, and the loss of his wife was a blow from which Mr. Whitney 
never recovered. He became severely ill in 1939, and although he 
lived on beyond the expectation of everyone, his professional life 
was ended. 

Mr. Whitney was a prominent Mason, and the Masonic memorial 
service conducted over his ashes was attended by the members of a 
committee from the Hawaiian Entomological Society. Mr. Whit- 
ney is survived by two brothers in California, one of whom, Mr. 
Blenn B. Whitney, has already been mentioned. The other is Mr. 
Mervin M. Whitney of Long Beach, California. 


D. T. FuLLAWAY 


F. X. WILLIAMS 
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THE APHIDIINAE OF NORTH AMERICA* 


(A REVIEW) 
By D. T. FULLAWAY 


This is an excellent treatise on an important group of insects not 
reviewed in America for a third of a century. Dr. Smith’s work is 
thorough and painstaking, and adds considerably to our knowledge 
of these primary parasites of the aphids. Three new subgenera and 
twenty-six new species are made as a result of the revision, and six 
names are newly synonymized. There is a chapter on methods of 
study, general biology of the Aphidiinae, and the author’s view on 
the important taxonomic characters; also a host index of species 
studied by the author, and a bibliography. The illustrations are of 
the author’s own making and should be useful in the discrimination 
of the species. The three species known in Hawaii are included in 
the treatment, but the reviewer has not yet tested the accuracy of 
their determination by the method Dr. Smith uses for species dis- 
crimination. 

* By Dr. Clyde F. Smith (Contributions in Zoology and Entomology, 5, Ohio State Uni- 
versity, vii + 154 pp., 17 pls., 1944.) 
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REVISED CONSTITUTION 
(Adopted at the meeting of December 10, 1945) 


ArTICLE 1. Name. 


The name of this organization shall be the Hawaiian Entomo- 
logical Society. 


ArTICLE 2. Objects. 


The objects of the Society shall be to promote the study of ento- 
mology, and to encourage friendly relations between those interested 
in the science. 


ARTICLE 3. Members. 


The Society shall consist of Active, Junior, Corresponding and 
Honorary members. No corresponding member shall be elected 
from residents on the island of Oahu. Junior membership shall be 
limited to those under eighteen. 

Election shall be by ballot, nomination having been made by a 
member of the Society at a previous meeting. A majority vote of 
Active members present shall be necessary for election. 

The annual dues for Active members shall be five dollars, for 
Junior members two dollars and fifty cents, and for Corresponding 
members two dollars, unless election takes place after the last day 
of September, when no fees shall be collected for that year. Active 
members who move away permanently shall become Corresponding 
members on the January first following their departure. Honorary 
members, and ladies who are Active members, shall be exempt 
from dues. 

Any member in arrears for one year may, after due notification, 
be dropped from the rolls. No member in arrears shall be entitled 
to a vote or to the Proceedings of the Society for that year. 


ArrIcLE 4. Officers. 


The officers of the Society shall be a President, a Vice-President 
and a Secretary-Treasurer to be elected by ballot at the annual 
meeting. These officers, together with two Active members to be 
elected by the Society in the same manner as the officers, to form 
an Executive committee. The Executive committee shall constitute 
a nominating committee for said officers of the Society, and shall 
present a slate of officers to the Society. Nominations may also be 
made from the floor. 
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ArTICLE 5. Duties of Officers. 


(a) The duty of the President shall be to preside at the meetings 
of the Society and committees, and regulate all the discussions and 
proceedings therein, and to execute or see to the execution of the 
By-Laws. In case of an equality of vote, the President shall have 
a double or casting vote. It shall be the duty of the President to 
deliver an address at the closing meeting of the year. 

(b) In the absence of the President the Vice-President shall fill 
his place, and shall for the time being have all the authority, power 
and privilege of President. ; 

(c) In the absence of the President and Vice-President a chair- 
man protem shall be elected by a majority vote of Active members 
present. 


(d) The Secretary-Treasurer shall conduct all the correspon- 
dence of the Society, keep a list of members, give due notice of all 
meetings and take and preserve correct minutes of the Proceedings 
of the Society ; shall have charge of all monies of the Society, collect 
all dues, assessments, receipts and contributions, make disburse- 
ments under direction of the Executive committee, and submit a 
report of the state of finances of the Society at the annual meeting 
or whenever called for. 

(e) The Executive committee shall appoint one or more Active 
members from among themselves or otherwise, as Librarian, Cur- 
ator and Editor, respectively, and two additional members to con- 
stitute with the Editor an editorial committee. The Editor’s duties 
shall be to edit the publication of the Society and arrange for their 
publication. The Librarian and Curator shall have custody of the 
library and collections respectively and shall manage them. under 
the direction of the Executive committee. 


ARTICLE 6. Meetings. 


The regular meetings shall be held, unless otherwise ordered by 
the Executive committee, on the second Monday of each month. 
The annual meeting for the election of officers shall be the regular 
meeting for the month of December. Special meetings may be called 
by the Executive committee or by the President at the written re- 
quest of five Active members. Five members shall constitute a 
quorum for the transaction of business. 


ARTICLE 7. Amendment. 


The Constitution may be amended at any regular meeting by a 
two-thirds vote of Active members present, a copy of each amend- 
ment proposed having been presented at the preceding regular 
meeting. 





(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(1) 
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ArTICLE 8. Order of Business. 


Reading and approval of minutes. 

Reports of officers and committees. 

Nomination and election of members. 

Nomination and election of officers at annual meeting. 
Unfinished and new business. 

Presidential address at annual meeting. 

Presentation of papers. 

Presentation of notes and exhibitions. 

Motion to adjourn. 


Earlier references to the Constitution of the Society are to be 
found in the Proceedings as follows: 


: 5-8, 1905. 

: 60, 1906. 

: 42-44, 1909. 

: 249, 257-260, 1919. 
: 388-389, 1931. 

: 221, 1933. 

: 16, 18, 1938. 





Conocephalothrips tricolor, a New Urothripid from Hawaii 


By FRED A. BIANCHI 
Experiment Station, H.S.P.A. 


(Presented at the meeting of November 19, 1945) 


The superfamily Urothripoidea consists of the single family 
Urothripidae, comprising seven genera and about 25 species. Of 
these only the Australian Octurothrips pulcher Priesner (Konowia, 
10: 10, 1931) and the American Stephanothrips occidentalis Hood 
and Williams (recorded in Proc. Haw. Ent. Soc., 8: 503, 1934) 
have been found in the Pacific region. It is of interest, therefore, 
to add to the family a well differentiated eighth genus, the circum- 
stances of whose discovery. indicate, if not necessarily its endem- 
icity in Hawaii, at least the probability of its ancient establishment 
in these islands. The two specimens upon which the new species 
and genus are based were found at an elevation of some 4,000 feet 
on the small, swampy and almost continuously rainy plateau which 
crowns steeply-sloped Mount Kaala and which, until the construc- 
tion of a cable trolley some four years ago, was the most thoroughly 
isolated area of its size on the island of Oahu. 


Distinguished at once from the rest of the family by the greatly 
protracted vertex of the head, the new genus is apparently most 
nearly related to Bagnall’s Urothrips (Ann. Mus. Nat. Hung., 7: 
126, 1909). It is like Urothrips in the shape and number of anten- 
nal segments, in the lack of tarsal armature of any kind, and in the 
absence of prominent bristles on the vertex of the head. It is unlike 
Urothrips, on the other hand, in the possession of white subhypo- 
dermal pigment, in the lack of heavy reticulation, in having four 
instead of six major terminal hairs, and in having both the maxillary 
and the labial palpi unmistakably two-segmented. The description 
follows: 


Conocephalothrips gen. nov. 


Antennae inserted ventrally, seven segmented; segment 3 with narrow 
pedicel; segments 3, 4, 5 broadly joined; segments 4, 5 about as broad as 
long; segments 6, 7 narrower than long, broadly pedicellate. Vertex conical, 
produced far forward of eyes and antennal bases, without prominent bristles. 
Tarsi without claws or spurs. Tube about six times as long as wide and 
considerably longer than abdominal segment 9; tip of tube with four long 
hairs separated by minor ones. The genotype is: 
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Conocephalothrips tricolor sp. nov. (Plate XXVIII, figs. A, B, C) 


Female: Length about 1.4 mm. Color by direct light, light chestnut brown; 
eyes, dark réd. Head, thorax and abdominal segments 1, 2, 3 a shade darker 
than rest of abdomen; femora, end of tube, antennal segments 6, 7 con- 
colorous with, or darker than head and thorax; tibiae shading from con- 
colorous with head and thorax at base to pale (concolorous with antennal 
segments 1 to 5) at end. Subhypodermal pigment of two kinds, red and 
white; red more dense and conspicuous on periphery of head, all of thorax 
and abdominal segments 2 and 3, and on sides of abdominal segments 1 and 
4 to 8; sparse in fore femora and absent from other femora and abdominal 
segments 9 and 10; white opaque, visible only by direct light and apparently 
more dorsal in position than red, present across distal half of pterothorax, 
all of abdominal segment 4, and on median third of abdominal segments 5 to 
8. Pseudo-spiracles indistinctly discernible as more or less clear circular 
areas on sides of abdominal segments 1 to 8. Ventral surface of whole body 
smooth; dorsal surface rough, with small setigerous tubercles which are most 
prominent on head and legs. Narrow anastomosing striae faintly visible on 
tube and legs. 


Head slightly wider basally than length from base to eyes, with vertex 
produced forward of eyes into a cone which is half as long as the rest of head. 
Eyes small, more or less circular in outline, consisting of about 10 relatively 
large facets placed entirely dorsad on the anterior angles of the head. An- 
tennae seven-segmented, inserted ventrally a little inward from anterior 
angles of the head, with their bases separated by a distinct, short, shallowly 
emarginate inter-antennal costa. Antennal segments shaped as illustrated; 
4 and 5 with two more or less dorso- and ventro-lateral sense cones; 6 and 
7 with one cone each; the sense cones and antennal hairs thin, colorless and 
difficult to distinguish. Mouth cone broadly rounded at end and about two 
thirds as long from basal suture as distance between this suture and inter- 
antennal costa. Maxillary and labial palpi clearly two-segmented, with basal 
segment minute in both cases. Labrum dark and blunt at end, much shorter 
than labium. 


Pronotum about seven-ninths as long as head without vertex, somewhat 
wider in back than front margin; the sides in reality somewhat concave in 
the middle as illustrated but, because of an optical effect difficult to explain, 
seemingly sharply notched above the front edge of the coxae; each hind 
angle armed with a short, stout, apically expanded seta mounted on a prom- 
inent tubercle. Pterothorax just a little shorter than prothorax, considerably 
wider in back than in front, with sides pronouncedly arched; the dorsum 
clearly divided into two transverse plates of equal length by a dark suture 
which arches forward at each end. Legs short and thick; the fore pair some- 
what incrassate, and all beset with tubercles of which all but one or two 
on the inner edge of the fore femora are minute and setigerous. All femora 
with a long strong hair ventrally near the base. Hind coxae somewhat larger 
than the others and farther apart, as normal to the family. All tarsi normal, 
with darkened cup and without claws or spurs. 


Abdomen widest at second segment, thence gradually and evenly narrowed 
to base of 9, which is conical, elongate and more acutely narrowed in its 
distal half. Segments 3 to 8 of about equal length; their hind angles some- 
what produced and each armed with one stout seta which is blunt at the end 
on all but segments 7 and 8; without marginal or intermarginal hairs, except 
for two rather long strong ones medianly on the hind ventral margin of 
segment 8. Tube nearly 1.3 as long as segment 9 and only a sixth as wide 
as long; gradually widening from the middle to the last fifth and thence more 
suddenly narrowed again to the end; with four long pale hairs at the tip 
separated by minor setae. 
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PLATE XXVIII 


Conocephalothrips tricolor sp. nov. 


A—Ventral view of head and prothorax, showing antennae and right leg. 
B—Dorsal view of complete insect, with terminal setae abbreviated. 
C—Dorsal view of left antenna. 
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Measurements of female paratype in mm.: 
Antennal segments 1 2 3 4 5 6 7 
.0369 .0287 .0205 .0246 .0287 .0328 
0287 .0287 .0287 .0246 .0164 .0123 


Head, median length .225; head, from base to hind corner of eye .147; head 
width at base .184; head width across eyes .164; mouth cone from basal 
suture .098; median length of pronotum .114; width of pronotum, including 
coxae .246; median width of fore femur .073; median length of 9th abdominal 
segment .143; greatest width of 9th abdominal segment .123; length of tube 
.192; greatest width of tube, at 4/5 from base, .032; length of longest distal 
hairs .055; greatest width of abdomen, second segment, .184; length of setae 
on hind angles of prothorax .020. 


Described from two females found on a leaf of Broussaisia 
arguta Gaud., Mt. Kaala, Oahu, on November 3, 1944. Both speci- 
mens, type and paratype, have been deposited in the collection of 
the Hawaiian Sugar Planters’ Experiment Station, Honolulu. The 
male is unknown. 


It is of interest to point out that the arrangement of the terminal 
setae in the new genus is typical of most Tubulifera, unlike that 
reported in the description of Urothrips paradoxus Bagnall. The 
four major hairs are separated by minor pointed setae dorsally and 
laterally, and by a pair of minute, blade-like setae (Buffa’s “pa- 
lettes”) ventrally. In addition, as further evidence of the now 
unquestioned tubuliferous nature of the Urothripidae, it is worth 
noting that the paired pori found on the lateral or dorsal surfaces 
of the tube in every species of Tubulifera are also plainly visible in 
the new Urothripid. They are about 4 microns in diameter and 
close to the sides of the tube, on about the basal third. 


As for the unexplained organ which Bagnall noted “on the under 
side of the ventral plate” of the ninth abdominal segment in Uro- 
thrips paradoxus, it is also found in my new species and appears 
to be an internal thickening of the body-wall. Perhaps it serves as a 
point of attachment for muscles of the ovipositor, or is in some 
other manner related to this blade-like organ, which in my specimens 
is visible through the body wall, lying along the midline of the seg- 
ment and reaching from very near to the above mentioned thicken- 
ing to the smaller rod-like thickening of the hind ventral margin 
which marks the genital opening. 
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Additions to the Thysanoptera from the Island of Hawaii 


By FRED A. BIANCHI 
H.S.P.A. Experiment Station 


(Presented at the meeting of November 19, 1945) 


This paper adds 25 species of thrips to the 29 previously listed 
by Sakimura and Krauss and by Bianchi (Proc. Haw. Ent. Soc., 
10: 1945) from the island of Hawaii. It includes a miscellany of 
unpublished records accumulated over a period of years in the 
collections of the writer and others, but is based mainly on the 
results of extensive and careful collecting which Mr. Clifton J. 
Davis did during 1945 and the latter months of 1944. 

Stationed at Kilauea as park ranger, Mr. Davis is taking excel- 
lent advantage of the opportunities afforded by his situation, and 
his collections and careful investigations have already added 
greatly to our knowledge of all the orders of insects on the Big: 
Island. In the Thysanoptera his material comprises a great many 
lots of the more common species, with careful notations as to 
habits and host plants; but for the sake of brevity only those 
species are mentioned here which have not been previously recorded 
from the island. 

One of the species is new to the Territory; three are new to sci- 
ence and are now named and described for the first time. With 
these, the Thysanoptera from the island of Hawaii are run up to 
51 specifically determined species, not including several species 
listed by Sakimura and Krauss only under the generic name, nor 
two or three species which are represented in my own collection by 
material too meager to warrant description at present. Since our 
native thrips appear to be characterized by secretiveness and scar- 
city, it is very probable that other species, possibly many, remain 
to be found. 

In the following list the initials H.N.P., C.J.D., and F.A.B. refer 
respectively to the general locality, Hawaii National Park, and to 
the collectors, Clifton J. Davis and F. A. Bianchi. 


TUBULIFERA 


Haplothrips davisi sp. nov. (Plate XXIX, fig. D; Plate XXX, 
fig. D) 


Brachypterous female: Length, not including inter-segmental membranes, 
about 1.3 mm. Color by transmitted light chestnut brown; extreme base of 
antennal segment 3, all tarsi and extreme ends of tibiae, lighter. Subhypo- 
dermal pigment reddish. Striation very fine, visible only in clear specimens, 
composed of transverse anastomosing lines, more apparent on dorsum of 
head, mesoscutum, first abdominal tergite, base of tube. 
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Head about 1.1 as long as wide, widest in the middle; the cheeks weakly 
arched to caudal fifth or sixth, which is very slightly narrowed. Vertex 
declivous to base of antennae, weakly or not at all convex in front. Eyes 
about one fourth as long as head and about one fourth as wide; dorsally 
almost semicircular on the inner outline and ventrally weakly, roundly pro- 
duced at the inner caudal angle. Facets large and regular in size, only about 
4 on the outer outline of the eye, a few microsetae among them. Ocelli 
vestigial or entirely absent. Three or four very minute setae around inner 
outline of eyes and two on vertex; a few others on cheeks and dorsum of 
head. Postocular spines more than 1.5 as long as the eyes and set about half 
the eye length from their posterior margins, a little less than the same dis- 
tance from the cheeks. Mouth cone about two thirds as long as head, conical, 
rounded at end; labrum dark-tipped and slightly surpassing labium; maxil- 
lary palpi long and thick, about half as long as mouth cone. 

Antennae about twice as long as head; the inter-antennal costa short, 
straight across end and about a fifth as wide as basal antennal segments. 
Antennal segments as illustrated; the third, fourth, and fifth with wrinkle 
ventrally near end, upon which are inserted setae somewhat stronger and 
longer than the others of the segment. Two lateral sense cones on segments 
3 to 6 and one dorsad on segment 7; those on segment 4 strong and blunt at 
end, those on other segments somewhat thinner and more acute. Porus on 
segment 2 conspicuous. Antennal hairs pale but in general strong and con- 
spicuous. 

Prothorax about .9 as long as head and not including coxae about 1.5 as 
wide as head; the fore and hind margins weakly arched; the sides more 
strongly divergent from anterior angles to middle than from middle to 
posterior angles; the median suture short, wavy. The usual major setae 
pointed, except anteroangulars and anteromarginals which are sometimes 
blunt or weakly expanded at end; the pair at each posterior angle longest, 
about equal to one another and to postoculars; midlaterals, anteromarginals 
and anteroangulars successively shorter ; coxals subequal to midlaterals and 
inserted on the ventral surface of coxae. 

Pterothorax subquadrate, about .266 mm. long on midventral line (includ- 
ing first abdominal sternite) and about .254 mm. across anterior angles, very 
slightly tapered caudally. Fore tibiae and fore femora somewhat thicker 
than others; fore tarsi armed with the usual claw on the outer surface and 
a minute tooth on the inner surface of the basal segment. 

Abdomen long and heavy, widening gradually to segment 6; major setae 
light brown, long and pointed; those on segment 9 a little shorter than 
terminals and 1.5 as long as tube. Tube about .75 as long as head; nearly 
twice as wide at base as at end and tapering evenly from basal fifth; paired 
pori conspicuous and on about the distal third of dorsal surface. 

Measurements of type (brachypterous female treated with KOH) in mm.: 
Head length .147; head width across cheeks .143; eye length .036; prothorax 
length .131; prothorax width including coxae .254; pterothorax length on 
midventral line .266; pterothorax width on anterior angles .254; abdomen 
width on segment 6, .299; tube length .110; tube width at base .061; tube 
width at end .032; longest setae on segment 9, .164; longest setae on tube 
.184; coxals .164; epimerals .069; posteroangulars .069; midlaterals .061; 
anteroangulars .032; anteromarginals .045; postoculars .069. 

Antennal segments : 1 2 3 4 5 6 7 8 Total 
028 .041 .041 .041 .041 .041 .041 .028 302 

Brachypterous male: Colored like female; slightly smaller, about 1.12 mm. 
long. Abdomen equal in width to segment 6, thence tapered caudally. Postero- 
angular setae on segment 9 reduced (about .036 mm. long), stout and stiff. 

Measurements of male allotype (brachypterous; treated with KOH) in 
mm.: Body length 1.12; head length .123; head width across cheeks .131; 
prothorax length .102; prothorax width including coxae .221; pterothorax 





Proc. Haw. Ent. Soc., Vol. XII, No. 3 Plate XXIX 


PLATE XXIX 


A—Haplothrips rosai sp. nov. Head, prothorax and left fore leg of 
brachypterous female, not showing all minor setae. 

B—Haplothrips rosai sp. nov. Ventral view of abdominal segments 8, 9, 
and 10 of brachypterous male, showing median granulose depression on 8th 
ventrite, terminal bristles abbreviated. 

C—Haplothrips rosai sp. nov. Dorsal view of abdominal segments 9 and 
10 of brachypterous female, with terminal bristles abbreviated. 

D—Haplothrips davisi sp. nov. Head, prothorax and right fore leg of 
brachypterous female, not showing all minor setae. 
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length including first abdominal sternite .205; pterothorax width across 
anterior angles .213; abdomen width on segment 6, .209; tube length .090; 
tube width at base .053; tube width at end .028. 
Antennal segments : 1 2 3 4 5 6 7 8 =Total 
028 .041 .036 .041 .041 .041 .041 028 .297 

Described from the following material: One female paratype 
from Metrosideros leaves, Kilauea, April 14, 1944, N.L.H. Krauss, 
coll.; one female paratype from Acacia koa branches, H.N.P., 
March 10, 1945, C.J.D., coll.; male allotype from Acacia koa 
branches, Mauna Loa truck trail, H.N.P., 6,500 ft. elev., April 20, 
1945, C.J.D., coll.; one male paratype from dead branch of Metro- 
sideros, Makaopuhi, H.N.P., 2,870 ft. elev., July 6, 1945, C.J.D., 
coll.; two female and two male paratypes on old dead branches of 
Pipturus, Thurston lava tube, H.N.P., July 16, 1945, C.J.D., coll. ; 
three female and four male paratypes on old dead branches of 
Sophora chrysophylla, Mauna Loa truck trail, H.N.P., 5,500 ft. 
elev., August 24, 1945, C.J.D., coll.; female holoty pe and one fe- 
male paratype from dead branch of ‘Acacia koa, Mauna Loa truck 
trail, H.N.P., 6,500 ft. elev., August 25, 1945, C.J.D., coll. 

In addition to the type series, I have a number of specimens col- 
lected by Mr. Davis on later dates. 


Davisi fits well in the Haplothrips and, like most species of the 
genus, it is a difficult one to characterize. However, from other 
species found in Hawaii it can be separated easily by its long pointed 
setae, of which only the anteroangulars and anteromarginals on the 
pronotum are likely to be, but are not always, slightly expanded at 
the end. It is not without hesitation that I describe it from material 
which does not include forms possessing functional wings and ocelli, 
but I feel justified because the species appears to be a common one 
in the Kilauea region and our collections indicate that it is very 
probably a prevailingly brachypterous species of which the macrop- 
terous forms, if such ever occur, may never be found. 

I take pleasure in naming the species after Mr. Clifton J. Davis 
whose collaboration has made possible the writing of .this paper 
and who has in many ways added to the pleasure of my visits to 
Hawaii. 


Haplothrips rosai sp. nov. (Plate XXIX, figs. A, B, C; Plate 
XXX, Fig. E) 


Brachypterous female: Length not including inter-segmental membranes 
about 1.43 mm. Color by transmitted light dark chestnut brown; all tarsi 
light yellowish brown and fore tibiae shading to same color at end. Eyes 
black; subhypodermal pigment red. Striation fine, composed of transverse 
anastomosing lines, more apparent basally and laterally on dorsum of head, 
on abdominal tree 1, and dorsally at base of tube. All spines clear brownish 
yellow. 


Head. about 1.14 as long as wide; the cheeks normally roundly, weakly 
constricted back of eyes and thence practically straight to base of head, but 
in some specimens divergent caudally, causing the head to appear widest at 
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PLATE XXX 


A—Karnyothrips doliicornis sp. nov. Head, prothorax and right fore leg 
of brachypterous female, not showing all minor setae. 

B—Karnyothrips doliicornis sp. nov. Dorsal view of abdominal segments 
9 and 10 of brachypterous female, with terminal bristles abbreviated. 

C—Karnyothrips doliicornis sp. nov. Dorsal view of left antenna of 
brachypterous female, with all setae omitted. 

D—Haplothrips davisi sp. nov. Dorsal view of left antenna of brachyp- 
terous female. 

E—Haplothrips rosai sp. nov. Dorsal view of right antenna of brachyp- 
terous female, with all setae omitted. 
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base. Vertex slightly depressed next to eyes; weakly convex dorsally and 
in front. Eyes large, between one quarter and one third as long as head and 
nearly one third as wide; dorsally the inner and hind margins forming a 
distinct obtuse angle; ventrally weakly, roundly produced at the inner caudal 
angle. Facets small and regular, about 7 occupying the outer outline of eye. 
Ocelli absent. A few minute setae around inner outline of eye and a few 
others on vertex, cheeks, and dorsum. Postocular setae about 1.3 as long as 
eyes and set about .3 the eye length from posterior margin, somewhat closer 
to the cheek. Mouth cone about .45 as long as head; evenly conical; rounded 
at end; labrum dark-tipped and just short of labial margin; maxillary palpi 
long and thick. 

Antennae about twice as long as head; inter-antennal costa short, straight 
across end, only a fourth or fifth as wide as the basal antennal segments. 
Antennal segments as illustrated ; segment 8 constricted at base and narrower 
than segment 7; segments 3, 4, 5, 6 each with a weak, blunt sense cone on 
either side; segment 7 with a longer, thinner cone dorsally. Porus on seg- 
ment 2 conspicuous, about .115 mm. in diameter, placed near distal end of 
segment. Antennal hairs pale, rather weak. 

Prothorax about .8 as long as head and not including coxae about 1.4 as 
wide ; fore and hind margins weakly arched ; sides weakly divergent to middle 
and thence parallel to posterior angles. All setae pointed; anteroangulars and 
midlaterals about equal to each other, and to coxals, about .5 as long as 
postoculars, epimerals and posteroangulars ; anteromarginals minute. A short 
wavy median groove is generally apparent. 

Pterothorax subquadrate, very slightly tapered caudally, about .205 mm. 
long on midventral line including first abdominal sternite, about .225 mm. 
across anterior angles. Wings reduced to short pads. Fore legs a little shorter 
and thicker than others; fore tarsi without tooth on inner surface, but all 
tarsi with usual claw on outer surface. 

Abdomen long and heavy, widest on segments 4 and 5 which are about 
equal. Posteroangular setae greatly reduced, sometimes minute, on segments 
1 to 7; about half as long as the segment on segment 8; about equal to the 
segment on segment 9. Terminals about 1.4 as long as tube. Tube somewhat 
less than twice as long as wide at base and about twice as wide at base as 
at end, tapering evenly from basal fifth to end and about .7 as long as head. 
Paired pori about .004 mm. in diameter, placed on about distal fourth. 

Measurements of female holotype (brachypterous; treated with KOH) 
in mm.: Head length .164; head width across cheeks .143; eye length .053; 
prothorax length .139; prothorax width not including coxae .205; pterothorax 
length including first abdominal sternite .205; pterothorax width at anterior 
angles .225; abdomen width at segment 5, .315; tube length .110; tube width 
at base .061; tube width at end .032; postocular setae .041; anteroangular 
setae on prothorax .020; midlateral setae .016 (paratype) ; epiméral setae .041 ; 
posteroangular .041 ; coxal .020; posteroangular on abdominal segment 9, .065 ; 
median on abdominal segment 9, .077; terminals on tube .123 (approx.). 


Antennal segments : 1 2 3 4 2 6 7 8 Total 
024 .045 .045 .041 .045 .045 .036 .028 309 


Brachypterous male: Smaller than female, only 1.07 mm. long; of same 
color and similar in general appearance but with prothorax and tube shorter 
in relation to head. Distinguished at once from the males of all other 
Haplothrips by a large, more or less reniform, granulose depression medianly 
located on the 8th ventrite. 

Measurements of male allotype (brachypterous; treated with KOH) in 
mm.: Head length .139; head width .123; prothorax length .102; prothorax 
width .164; pterothorax length .143; pterothorax width (approx.) .205; 
abdomen width (segment 5) .217; tube length .082; tube width at base .049; 
tube width at end .028; postocular setae .041; anteroangulars on prothorax 
.024; epimerals .041; posteroangulars .041; posteroangulars on segment 9, 
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.036; medians on segment 9, .065; longest terminals (sides) on tube .123; 
coxals .016. 


Antennal segments : 1 2 3 4 5 6 7 8 Total 
024 .036 .036 .036 .036 .041 .032 .028  .269 


Described from the following material: One female paratype 
from Metrosideros leaves, Kilauea, April 14, 1944, N.L.H. Krauss, 
coll.; female holotype from dead branch of Metrosideros, Makao- 
puhi, H.N.P., 2,870 ft. elev., July 6, 1945, C.J.D., coll.; one female 
paratype from Sadleria stipes, Makaopuhi, H.N.P., 2,870 ft. elev., 
July 19, 1945, C.J.D., coll.; male paratype and allotype from leaves 
of Vaccinium reticulatum, H.N.P., March 14, 1945, C.J.D., coll. ; 
one male paratype from dead branch of M yrsine lessertiana, Maka- 
opuhi, H.N.P., 2,870 ft. elev., July 16, 1945, C.J.D., coll. 

With the heavy abdomen and the caudally widened head, rosai 
does not have the habitus typical of most Haplothrips known to me, 
and perhaps under a more natural classification of the Tubulifera 
than we now possess the species would not fall into that genus. As 
it is diagnosed at present, however, the scope of Haplothrips does 
comprehend the whole combination of characters displayed by the 
new species, which no other genus will quite do. 

The granulose depression is plain and fully developed in all male 
specimens and, to judge by appearances, must serve the same func- 
tion as the elliptical depressions found on the sternites of many 
male Terebrantia. I cannot find in the literature any other mention 
of such an organ in the Tubulifera; but possibly it has been over- 
looked, as could easily happen in the case of the usual dorso-ventral 
mounts. 

I dedicate this species to Mr. Joseph S. Rosa, who for many years 
has been my helpful colleague and valued friend. 


Haplothrips (Hindsiana) sakimurai Moulton. 
One female in dead twigs of Myoporum sandwicense, Mauna 


Loa truck trail, H.N.P., 4,200 ft. elev., July 17, 1945, C.J.D. and 
F.A.B., colls. 


Karnyothrips melaleuca (Bagnall) 


One female on dead stipes of Cibotium chamissoi, north of sul- 
phur banks, H.N.P., 4,050 ft. elev., July 15, 1945, C.J.D., coll.; 
two females beaten off dead branches of Heimerliodendron bruno- 
nianum (Endl.) Skottsb., Kipuka Puaulu, H.N.P., October 11, 
1945, C.J.D., coll.; one female beaten off old branches of Pitto- 
sporum convertiflorum Gray, Pauahi Crater, H.N.P., October 22, 
1945, C.J.D., coll. 


Karnyothrips flavipes (Jones) 


Three males in old branches of Acacia koa, Six Tanks, H.N.P., 
4,600 ft. elev., November 1944, C.J.D., coll.; two females on dead 
branches of ohia lehua, Pauahi Crater, H.N.P., December 17, 1944, 
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C.J.D., coll.; six females on dead branches of Mezoneurum kauai- 
ense, east of Puu Waawaa Ranch road, May 26, 1945, C.J.D., coll. ; 

one female in dead twigs of Myoporum sandwicense, truck trail, 
H.N.P., July 17, 1945, C.J.D and F.A.B., colls.; one female on 
Macaranga, Hilo, February 24, 1945, William C. Look, coll. (this 
is the specimen referred to as Haplothrips sp. by Sakimura in the 
Proc. Haw. Ent. Soc., vol. 12 : 331) ; two females on old branches 
of Coprosma sp., Ohaikea, 4,200 ft. elev., H.N.P., October 13, 
1945, C.J.D., coll.; four females beaten off dead branches of Myr- 
sine sandwicensis A. DC., Alealea Crater, H.N.P., October 30, 
1945, C.J.D., coll.; four females beaten off dead branches of Myr- 
sine lessertiana A. DC., Makaopuhi, November 18, 1945, C.J.D., 


coll. 


Karnyothrips doliicornis sp. nov. (Plate XXX, figs. A, B, C) 


Brachypterous female: Body length, partly distended, 1.44 mm. Color by 
transmitted light chestnut brown; middle of tube, tarsi, tibiae, particularly 
at base and apex, lighter; antennal segments 2, 3, sometimes also base of 
4, pale yellowish brown; ocellar crescents, sub-hypodermal pigment red. Stria- 
tion fine, visible only in cleared specimens, transversely subreticulate on head 
and mesoscutum, longitudinally reticulate on sides of metanotum. 

Head about 1.25 as long as wide; the sides almost straight and parallel 
from the eyes to about basal fourth, thence weakly and roundly constricted 
to base; vertex weakly concave next to eyes and weakly convex in middle. 
Each eye occupying a little less than a quarter head length and a little more 
than a quarter of head width; the inner dorsal outline irregularly rounded 
and the inner ventral outline forming an almost right angle; the outer con- 
tour protruding very slightly from the vertex and not at all from the cheek; 
the dorsal facets of same diameter as ocelli and the ventral facets somewhat 
larger. Ocelli widely separated but not touching inner margins of eyes; the 
anterior ocellus forwardly directed on declivity of vertex. Postocular spines 
about .2 longer than eyes, set nearly one third of the eye’s length from its 
margin and about an equal distance from the cheek. One minute spine in 
front of each posterior ocellus and two on a longitudinal line behind; other 
very minute spines scattered over dorsum and sides of head. Mouth cone 
slightly less than half as long as rest-of head, much narrower than head at 
base, broadly rounded at end; labrum blacktipped and not surpassing labium. 

Antennae about twice as long as head, inserted a little caudad of vertex; 
the frontal costa less than half as wide as basal antennal segments, slightly 
projecting and weakly concave. Antennal segments as illustrated ; 3 widened 
basally at right angles to the pedicel and more or less barrel- -shaped above 
pedicel; 7 not pedicellate and broadly joined to 8. Sense cones weak, only 
a third or fourth as long as segments bearing them, tapering distally but not 
sharply pointed; two more or less lateral cones on segments 3 to 6 and one, 
longer and thinner than the others, on segment 7. Porus on segment 2 con- 
spicuous, about. .006 mm. in diameter. Antennal hairs pale, weak, incon- 
spicuous. 

Prothorax about .75 as long as head and not including coxae about .6 
wider basally than head; the fore and hind margins only weakly arched; the 
sides more strongly divergent from anterior angles to middle than from 
middle to posterior angles. Median suture short, wavy. Excepting anterior 
marginals, all the usual major setae present ; all, ‘including prominent coxals, 
expanded apically, pale, sub-equal in length. Minor setae very small and 
inconspicuous. Pterothorax normal, about as wide as prothorax at prominent 
anterior angles and tapering slightly caudally, about .217 mm. long on the 
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midventral line. Legs rather short and stocky; fore femora slightly incrassate 
and fore tarsi inconspicuously armed on the basal segment with the usual 
outer claw and a small inner tooth which sometimes does not surpass the 
tarsal outline. 

Abdomen long and heavy, nearly twice as long as rest of body, widening 
very gradually to segment seven, thence abruptly narrowed to base of tube. 
All major setae capitate excepting terminals on tube and laterals on segments 
7 and 9. Tube twice as wide at base as at end and nearly twice as long as 
wide at base, considerably shorter than width of head; the sides parallel on 
basal fifth (inserted in segment 9) and thence evenly convergent ; paired pori 
on sides of distal fifth; six long terminal setae little less than twice as long 
as tube. 

Measurements of type (apterous female treated with caustic potash) in 
mm. : 

Antennal segments : 1 2 3 4 5 6 7 8 =Total 
041 .045 .036 .045 .045 .036 .053 .032 ao 


Body length 1.2; head length .17; head width across cheeks .13; eye length 

.045; eye width 032 : prothorax ‘length 123; prothorax width, including 
coxae, 254; pterothorax length on mid-dorsal line 184; pterothorax width on 
anterior angles .246; width of abdomen on segment 6, '266 ; tube length .106; 
tube width at base 061; tube width at end .028; postocular setae .049 ; antero- 
angulars .041; midlaterals .041; epimerals 049; posteroangulars 041; coxals 
.041; pointed laterals on segment , ie: pointed laterals on segment 9, 31383 
longest terminals on tube (laterals) 205 (approx.) ; proximal sub-basal on 
forewing .032; distal sub-basals on forewing .136. 


Macropterous female: Similar to brachypterous form except in the pos- 
session of wings and large sigmoid setae paired on abdominal tergites 3 to 7. 
The forewings are clearly narrowed in the middle and faintly smoky, with 
the smokiness disappearing near the end. They possess 4 intercallary ciliae, 
and 3 capitate sub-basals of which the proximal is a trifle shorter than the 
other pair and the middle one is inserted slightly inward from the others. 


Described from the following material, all collected by Mr. Davis: 
two brachypterous females from dead branches of Metrosideros, 
Makaopuhi, H.N.P., 2,870 ft. elev., July 6, 1945, type and paratype 
No. 1; one brachypterous female on living branch of Metrosideros, 
Puhinau Crater, H.N.P., October 12, 1944; one brachypterous fe- 
male on living branch of Sophora chrysophylla, near Kipuka Ki, 
H.N.P., 4,500 ft. elev., December, 1944; one brachypterous female 
on Sadleria stipes, near Makaopuhi, H.N.P., 2,860 ft. elev., Decem- 
ber, 1944, paratype No. 2; one macropterous female, host unre- 
corded, H.N.P., December 12, 1944, paratype No. 3. 


In addition to the type series, I have two brachypterous females 
collected by Davis on Myoporum sandwicense, dead wood, at Ke- 
auhou Ranch, 4,200 ft. elev., July 23, 1945, and two brachypterous 
females beaten off dead branches of Myrsine lessertiana at Makao- 
puhi, H.N.P., on November 18, 1945. 

The habitus of this new species is typical of the genus and it 
might be mistaken in Hawaii for Karnyothrips flavipes (Jones) if 
it were not for the very distinctive antennae and the inner tooth of 
the fore tarsus, which is much shorter in doliicornis and sometimes 
hardly surpasses the contour of the tarsus. To judge by the illus- 
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trated description, Zygothrips pallidus Hood has very similar an- 
tennae, but in other respects the two species are quite different. 


Hoplothrips swezeyi Moulton 
One male under bark of Metrosideros, Hiiaka Crater, H.N.P., 
December 17, 1944, C.J.D., coll. 


Phloeothrips mauiensis Moulton 

One male and two females on old branches of Sophora chry- 
sophylla, Kipuka Ki, H.N.P., December 17, 1944, C.J.D., coll. ; one 
female on old branch of Pittosporum convertiflorum Gray, Pauahi 
Crater, H.N.P., October 22, 1945, C.J.D., coll. 


Macrophthalmothrips hawaiiensis Moulton 

Four females in old branches of Sophora chrysophylla, Kipuka 
Ki, H.N.P., 4,500 ft. elev., November 6, 1944, C.J.D., coll.; two 
males and one female in old branches of Acacia koa near Six Tanks, 
H.N.P., November, 1944, C.J.D., coll.; one male and one female 
under bark of Sapindus saponaria Linn., H.N.P., January 31, 1945, 
C.J.D., coll.; one female in old branches of Acacia koa, H.N.P., 
February 10, 1945, C.J.D., coll.; one female on old branch of 
Xylosma hawaitiensis Seem. var. hillebrandu (Wawra) Sleumer, 
Kipuka Puaulu, H.N.P., October 11, 1945, C.J.D., coll.; one male 
beaten off dead branches of Perottetia sandwicensis Gray, N.W. of 
Keauhou Ranch, October 19, 1945, C.J.D., coll. 


Podothrips lucasseni (Kruger) 


Many males and females on sugar cane, Honokaa, October 15, 
1924, C. E. Pemberton, coll. 


‘TEREBRANTIA 


Chirothrips mexicanus Crawford 

Five females by sweeping grass, Six Tanks, H.N.P., January 1, 
1945, C.J.D., coll. 

Chirothrips fulvus Moulton 

One female beaten off dead leaves of Styphelia tameiameiae, end 
of Mauna Loa truck trail, 6,500 ft. elev., H.N.P., October 12, 1945, 
C.J.D., coll. 

Hercothrips fasciatus (Pergande) 

Abundant on leaves and stems of Argemone glauca and of Son- 
chus oleraceus, near Naalehu, June 5, 1945, F.A.B., coll. 
Hercinothrips femoralis (Reuter) 

One female on grass, Six Tanks, H.N.P., January 31, 1944, 
C.J.D., coll. 

Scirtothrips antennatus Moulton 
Small colony, females and young, on leaves of Plumeria, Hono- 
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kaa, March 29, 1944, F.A.B., coll.; small colony on leaves of Colu- 
brina oppositifolia Brongn., Puu Waawaa, 1,900 ft. elev., C.J.D., 
coll. 


Anaphothrips swezeyi Moulton 
Abundant on sugar cane and grass, Honokaa, October 19, 1924, 
C. E. Pemberton, coll. 


Thrips saccharoni Moulton 

Abundant on sugar cane, Honokaa, February 26, 1923, C. E. 
Pemberton, coll. 

Merothrips morgani Hood (Proc. Ent. Soc. Wash., 14: 132, 1912) 

One female beaten off dead branch of Santalum paniculatum 
Hook. & Arn., Kipuka Puaulu, H.N.P., October 11, 1945; five 
females and one male beaten off dead branches of Heimerliodendron 
brunonianum (Endl.) Skottsb., same date and locality as above; 
one female beaten off branches of Urera sandwicensis Weddell, 
same date and locality as above; two females and one male beaten 
off dead branches of Perottetia sandwicensis Gray, 1% miles N.W. 
of Keauhou Ranch, October 19, 1945; two females and one male 
beaten off dead branches of Pittosporum convertiflorum Gray, Pa- 
uahi Crater, H.N.P., October 22, 1945; all collected by Mr. Davis. 

Perfect agreement of all these specimens with Hood’s careful, 
illustrated description leaves no doubt of their identity. This wing- 
less species was described from Illinois and Kentucky and its dis- 
covery in Hawaii, constituting a new record for the Territory, sug- 
gests that the species is probably more abundant and of wider range 
on the American continent than is shown by published records. It 
is improbable that such a species could have reached Hawaii from 
the eastern United States without also spreading its range to the 
west coast. 

Comparison of Mr. Davis’ specimens with a paratype of the 
winged Merothrips hawatiensis Moulton (Proc. Haw. Ent. Soc., 9 
[3]:411, 1937) borrowed from the collection of the Pineapple 
Research Institute, Honolulu, shows a very close resemblance of the 
two species and indicates that they may be but the winged and the 
wingless forms of a single species. Until the two forms are collected 
together, however, or at least on the same island, their synonymy 
will remain doubtful. 


Thrips (Isoneurothrips) australis Bagnall 

One female from a flower of Pittosporum undulatum Vent., resi- 
dential area, H.N.P., March 14, 1945, C.J.D., coll. 
Thrips (Isoneurothrips) carteri Moulton 

End of Mauna Loa truck trail and Kipuka Ki, H.N.P., at eleva- 
tion of 6,400 and 4,200 ft. respectively, on several dates, C.J.D. and 
F.A.B., colls. 
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In contrast to other Jsoneurothrips, which are mostly collected in 
flowers, colonies of this species are often found associated with a 
rust fungus very common on Acacia koa. The relationship of the 
two organisms has not been worked out, but cursory observations 
indicate that the thrips probably lay their eggs among the massed 
spores of the fungus—“the rust’—and that the larvae feed on 
some exudation either of the fungus or of the host plant. 


Thrips (Microcephalothrips) abdominalis Crawford 


Numerous on flowers of Erigeron, near Kiholo, July 7, 1945, 
F.A.B., coll. 


Taeniothrips gracilis Moulton 

Abundant in all stages and feeding heavily on leaves and stems 
of Crinum sp., Pololu Valley, June 28, 1944, F.A.B., coll. 

I have found this species hidden within the unopened flowers of 
the same host plant at Halawa Valley, Molokai, where the thrips 
were apparently not numerous enough to hurt the plant. Heavy in- 
jury is accompanied by extensive reddish discoloration of the plant. 


Taeniothrips frici (Uzel) 

Numerous on flowers of Hypochoerts radicata Linn., Mauna Loa 
truck trail, H.N.P., February 25, 1945; one female on dead branch 
of Acacia koa, same locality, August 8, 1945; two females beaten 
off dead leaves of Styphelia tameiameiae (Cham.) F. Muell., same 
locality, October 12, 1945; all collected by Mr. Davis. 


Taeniothrips cyperaceae Bianchi 


One female on leaves of Vinca major L,., residential area, H.N.P., 
March 11, 1945, C.J.D., coll: 


Frankliniella near sulphurea Schmutz 


This is the species which was first found during August of 1942 
and which has since become a predominant species on Oahu. I 
presume it is the same species listed by Sakimura as “Frankliniella 
sp.” from the island of Hawaii (Proc. Haw. Ent. Soc., 12[2] : 329) 
but I cannot find a more specific reference to its presence on that 
island. For the sake of an unmistakable record, therefore, I note 
here that the species is found on Hawaii and that it is quite common 
on the lowlands, although it does not appear to have attained the 
predominant position it has on Oahu. Mr. Davis collected the spe- 
cies from flowers of Lantana, Hibiscus, and monkeypod at Keau- 
hou, Kona, during May of 1945, and I had previously found it on 
other hosts in two localities of the island, both under 2,000 ft. ele- 
vation. 
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Host Records of Philaenus spumarius (Linn.) at Kilauea, 
Hawaii National Park 
(Homoptera: Cercopidae) 


By C. J. DAVIS and A. L. MITCHELL 
(Presented at the meeting of August 13, 1945) 


The family Cercopidae is represented in Hawaii by the single 
immigrant species Philaenus spumarius (Linn.). This spittle-insect 
was first seen in the islands by Warren Goolsby, who collected it 
from daikon (Raphanus sativus Linn. longipinnatus Bailey) and 
satsuma orange leaves near the Volcano House, Kilauea, Hawaii, 
on January 17, 1944 (Proc. Haw. Ent. Soc., 12: 219, 1945; as P. 
leucophthalmus [Linn.]). Herbert Osborn (Meadow and Pasture 
Insects: 101, 1939) states that P. spumarius “is a very widely dis- 
tributed species both in Europe and America, and in the United 
States and Canada occupies a large area from the Atlantic coast to 
the plains regions.” It probably reached Hawaii from the mainland 
of the United States on imported plant material in recent years. The 
present authors have observed it abundantly in Kipuka Puaulu 
(Bird Park), the administrative and residential area, Kipuka Ki, 
at the Hilo entrance to the park, and at the Kilauea Ranger Station 
(29 miles). 

Nymphs immersed in froth have been commonly found on leaves 
and stems of a large number of different plants, though no injury 
to the infested plants has been observed. The adults are often found 
on vegetation near the infested foliage, or on the same plants occu- 
pied by the nymphs. A record has been kept of all plants on which 
the authors have observed froth masses. This is given below. 


We are grateful to Dr. O. H. Swezey for identifying the insect 
and to Mr. C. E. Pemberton for encouragement and suggestions. 


Host LocaTION DATE 


Saccolepis contracta Nursery Jan. 30, 1945 
Centaurium umbellatum Nursery Jan. 30 

Ilex anomala§$ Crater Rim Road Jan. 30 

Hibiscus tiliaceus§ Nursery Jan. 30 

Hypochoeris radicata Hilo entrance April 
Rubus penetrans*} Hilo entrance April 
Digitaria pruriens Hilo entrance April 
Trifolium procumbens Hilo entrance April 
Plantago lanceolata Hilo entrance April 
Geranium carolinianum var. australe*} Hilo entrance April 
Verbena litoralis} Hilo entrance April 
Mentha sp.f Kipuka Puaulu April 


RWW WW WW WD 


* Previously recorded by N. L. H. Krauss (Proc. Haw. Ent. Soc., 12:220, 1945). 
+ Preferred host. 
§ Indigenous host. 
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Host 


Brassica oleracea var. botrytis 
Lactuca sativa 

Medicago hispida 
Mesembryanthemum sp.* 
Senecio mikanioides 
Tibouchina semidecandra 
Gnaphalium purpureum 
Dianthus chinensis 
Coprosma rhynchocarpa*§ 
Veronica plebeia 

Modiola caroliniana 
Commeling diffusa 
Chrysanthemum maximum 
Vinca sp. 

Panicum purpurascens 
Sonchus oleraceus 
Tritonia crocosmaeflora 
Erigeron albidus 
Oenothera striata 
Cordyline terminalis 
Myosotis azorica 

Cyperus brevifolius 
Cynodon dactylon 

Hebe salicifolia 

Andgallis arvensis 
Dactylis glomerata 
Rheum rhaponticum 
Holcus lanatus 

Lythrum maritimum 
Fuchsia magellanica* 
Wikstroemia phillyreaefolia§ 
Raillardia scabra§ 
Coprosma ernodeoides var. typica§ 
Artemisia vulgaris 
Dahlia sp. 

Hypericum moserianum 
Pastinaca sativa 

Coix lacryma-jobi 
Solidago altissima 
Physalis peruviana* 
Bidens pilosa var. minor 
Rumex acetosella 

Daucus carota var. sativa 
Ipomoea batatas 

Pluchea odorata 


LOocATION 


Quarters 22 
Quarters 22 
Quarters 31 
Quarters 31 
Quarters 31 
Quarters 31 
Quarters 31 
Quarters 31 
Kipuka Puaulu 
Kipuka Puaulu 
Kipuka Puaulu 


Kilauea ranger sta. 
Kilauea ranger sta. 
Kilauea ranger sta. 
Kilauea ranger sta. 
Kilauea ranger sta. 
Kilauea ranger sta. 
Headquarters bldg. 


Observatory 
Quarters 20 
Quarters 7 
Quarters 7 
Quarters 7 
Quarters 7 
Kipuka Puaulu 
Kipuka Ki 
Quarters 21 


: Kipuka Puaulu 


Residential area 
29 Miles 
Nursery 
Nursery 
Nursery 

Adm. area 
Quarters 22 
Quarters 2 
CCC camp 

CCC camp 
Residential area 
CCC camp 
Quarters 22 
Quarters 22 
Quarters 21 
Quarters 22 
CCC camp 


Metrosideros collina var. polymorpha§ Nursery 


DATE 
April 17 
April 17 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 18 
May 19 


June 29 
July 2 
July 4 
July 11 
July 11 
Sept. 1 
Oct. 9 
Oct. 13 
Oct. 13 
et, 25 
Nov. 1 
Dec. 31 
Jan. 10, 1946 


* Previously recorded by N. L. H. Krauss (Proc. Haw. Ent. Soc., 12:220, 1945). 


§ Indigenous host. 





On the Species of Araecerus Schoenherr, 1823, Known 
from the Hawaiian Islands 


(Coleoptera: Anthribidae) 


By H. E. KARL JORDAN, Ph.D., F.R.S. 
Zoological Museum, Tring 


(Presented at the meeting of November 19, 1945) 


The present account of the Hawaiian Araecerus is based on some 
180 specimens, of which 110 have been entrusted to me for deter- 
mination by the Bernice P. Bishop Museum, the others (mostly 
collected by Blackburn and Perkins) being the property of the 
British Museum (Natural History). This material was obtained 
on the six main islands: Hawaii, Maui, Lanai, Molokai, Oahu and 
Kauai. The genus, however, may be expected to occur also on some 
of the small outlying islands, such as Laysan, which have some 
vegetation. 


Araecerus is an Old World genus, numerous in species, most of 
which are Oriental, only a few being known from the Aethiopian 
region. On the American continents only one species is found, 
A. fasciculatus, which has become cosmopolitan with the ‘trade in 
coffee beans. This name was applied by Blackburn and Sharp (in 
1885) to all the specimens which Blackburn had found on the 
Hawaiian Islands, and in 1900 Perkins followed their example, 
adding to the fauna a conspicuous new species he had discovered on 
Hawaii. In reality, the specimens considered to be A. fasciculatus 
represented three species, as is proved by the Blackburn and Per- 
kins material before me. The oversight on the part of these authors 
is readily excused: at that time the descriptions of species of 
Araecerus, with some exceptions, were very superficial, the trench- 
ant distinctions not being known. The specific differences in struc- 
ture are mainly found on the under side, and as the specimens in 
collections are generally so mounted that the under side is con- 
cealed, it is not to be wondered at that these differences escaped 
notice. Errors in the determination of Araecerus are in conse- 
quence of frequent occurrence. For instance, I have had in the 
collection at Tring for many years a species as Araecerus koebelei 
Blackburn, 1900, which is not koebelei at all, as I saw at a glance 
when the transfer of the British Museum Anthribidae to Tring for 
amalgamation with my collection (presented to the British Mu- 
seum) gave me an opportunity to turn the type of A. koebelei over 
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and look at its under side. A similar mistake caused by the incon- 
venient mounting of the specimens was made by O. H. Swezey, 
who, in 1934, recognized A. vieillardi Montrouzier, 1860, as a third 
species among the Hawaiian Araecerus, but accepting the determi- 
nation, by previous authors and himself, of the commonest species 
as A. fasciculatus, was misled by great superficial similarity to 
regard as A. vieillardi a series of specimens of which some were 
vieillardi and others were true A. fasciculatus. 


The Hawaiian Araecerus before me represent four species: two 
being indigenous and not known from elsewhere (A. constans 
Perkins, 1900, evidently a rarity and almost constant in coloring, 
and a new species, very variable and distributed over the archi- 
pelago), and two accidentally introduced (A. fasciculatus [Degeer 
1775], cosmopolitan, and A. vieillardi [Montrouzier 1860] from 
the islands of the Pacific, exact westward distribution not yet 
known). 

In consequence of the misidentifications referred to above, the 
records of habits and other biological details have lost most of their 
value. New observations are necessary. I have compared the 
records in the Proceedings of the Hawaiian Entomological Society 
with the labels on the specimens and found out in some instances 
to which particular species the published note applies. Perhaps Mr. 
FE. C. Zimmerman will be successful in obtaining the original speci- 
mens on which the biological records were based. Two of the four 
Hawaiian Araecerus are common and easy to breed, and there is 
a great opportunity to study the larvae and discover specific dif- 
ferences in their morphology and perhaps their habits which would 
be of much value. 

The majority of species of Araecerus are more easily recognized 
by the males. Determination, therefore, should generally be based 
on the male. In all true Araecerus the sexes are distinguished from 
each other by the last external segment: its tergum (pygidium) is 
more or less vertical in the male, with the apex rounded, and the 
sternum about as long medianly as the previous one; the antenna 
is somewhat longer, the fore tibia and fore tarsus are long-hairy 
beneath and prolonged, the tibia bearing, in three of the Hawaiian 
species, prominent tubercles on the underside, and in one (A. vieil- 
lardi), an apical mucro in addition. In the female the pygidium is 
longer, triangular, with the margin of the tip somewhat curved 
up, the last external sternum being much longer medianly than the 
preceding segment; in many females the ovipositor projects more 
or less from the anal segment; the foreleg, though longer than 
the midleg, is not long-hairy beneath and bears no tubercles in the 
female of any species. The organs of reproduction are not referred 
to here; their differences will be better understood in a survey of 
the whole genus. 
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KEry To THE HAwalIIAN SPECIES 
A. Males 


. Fore tibia with apical mucro on under side 
Fore tibia without apical mucro 
. Fore tibia without prominent tubercles on under side; midcoxa 
without a tubercle fasciculatus (Degeer). 
Fore tibia with tubercles on under side from near base to apex 
. Coloring of upper side very variable, subbasal swelling of elytra 
distinct; tibiae more or less blackish on upper side in middle 
varians, new species. 
Almost uniformly grey on upper side, subbasal swelling of elytra 
less distinct, the insect more evenly convex in lateral aspect, 
broader and larger than A. varians, tibiae uniform in color, or 
darkened at apex constans Perkins. 


B. F emales 


Prosternum centrally rough with large punctures and tubercles 
vieillardi (Montrouzier). 
Central area of prosternum without large punctures, at most with 
small ones along anterior margin 
b. Tibiae with four blackish (or brown) spots: basal, antemedian, 
postmedian and apical; sculpture of pronotum and elytra as 
coarse as in A. vietllardi fasciculatus (Degeer). 
Tibiae without dark spots, or without basal spot and with the ante- 
and postmedian spots confluent; sculpture of upper side less 
coarse 
Subbasal swelling of elytra very distinct in lateral aspect, pronotum 
and elytra from behind subbasal swelling to near apex less con- 
vex than in the two preceding species, tibiae with large blackish 
median spot on upper side, first and second abdominal segments 
with fewer than five rows of punctures each side and the median 
rows sublaterally missing; color as in male varians, new species. 
Larger and broader, subbasal swelling of elytra less distinct, tibiae 
not spotted, abdominal sternum I with five irregular rows of large 
punctures from side margin, II and IV with six to eight, sub- 
laterally no large space devoid of punctures; upperside colored 
as in male constans Perkins. 


1. Araecerus constans Perkins 


Areocerus constans Perkins, Fauna Hawaiiensis 2 (3) : 182, 1900 
(Hawaii: Kona, in flowers of white poppy). 


Araecerus constans Perkins, Zimmerman, Proc. Hawaiian Ent. 
Soc. 10: 152, 1938 (key to Hawaiian Anthribidae). 


Larger than the other Hawaiian Araecerus, pronotum and elytra together 
twice as long as broad, sculpture of upper surface less coarse than in 
A. fasciculatus, pubescence uniformly grey, with indications of grey spots on 
the elytra. Club of antenna less unsymmetrical than in A. fasciculatus, the 
proportional length (in male) of the three segments: IX 27, X 24, XI 30, 
width 14. Lateral angle of pronotal carina a little more than 90°, the lateral 
carina slightly more slanting than in A. fasciculatus. Subbasal swelling of 
elytra less elevate than in A. varians, the upper surface being more evenly 
convex in lateral aspect. Central antecoxal area of prosternum somewhat 
uneven with low swellings and small punctures and tubercles; midcoxa of 
male with a low transverse tubercle. Punctures at side of abdomen more 
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numerous than in the three other species. Tibiae rufescent or dark brown 
(discolored ?), without dark spots, fore tibia of male with distinct tubercles 
on inner side. Length 4.2 to 5 mm. 


One male examined from Bishop Museum [plus four examples 
not seen by Jordan, E. C. Z.]. In British Museum three males and 
five females, original specimens collected by Perkins; the species 
does not seem to have been met with again. A card bearing a male 
and a female is marked “type”. I select the male as the type. The 
card bears a crossed-out name which is preoccupied in Araecerus ; 
mentioning the name would create an unnecessary synonym of 
A. constans. [Some of the Bishop Museum set also bear this name, 


E.C.Z.] : 


2. Araecerus varians, new species (fig. 1, A) 

Curculio fasciculatus Degeer, Blackburn and Sharp, Trans. Royal 
Dublin Soc. (2) 3: 195, 1885 (Hawaii, Maui, Lanai, Oahu, 
Kauai; has no saltatory power whatever ; partim). 

Araeocerus fasciculatus (Degeer), Perkins, Fauna Hawaiiensis 
2 (3) : 182, 1900 (partim). 


A B c 


Figure 1—Outlines of terminal segments of antennae of the males of three 
species of Araecerus——A. A. varians, mew species; B. A. fasciculatus 
(Degeer) ; C. A. vieillardi (Montrouzier). Hairs and bristles omitted. 


Closely agreeing with A. constans in structure. Smaller, but the largest 
individuals attaining the length of the smallest example of A. constans known 
to me. Subbasal swelling of elytra much more raised, the elytra, in lateral 
aspect, thcrefore, from this point backwards more slanting and flatter than in 
the other Hawaiian species, the swelling more glossy; disk of pronotum more 
flattened, angle of carina as in A. constans, lateral carina straighter; club of 
antenna a little broader than in A. constans, proportions in males 30, 24, 27, 
width 14. Central antecoxal area of prosternum nearly as smooth as in 
A. fasciculatus, with some small tubercles in front of coxae; abdominal sterna 
with fewer punctures than in A. constans, segment I bearing only four rows 
at sidemargin and the median rows disappearing about halfway between side- 
margin and trochanter, leaving a fairly large area devoid of punctures except 
at margins; tibiae of well-preserved mature specimens with a large, diffuse 
dark median patch on upper side. In male the fore tibia with two rows of 
tubercles on inner surface (not very prominent in small males), no apical 
mucro; midcoxa with a low transverse tubercle or ridge. Pubescence of upper 
side very variable in color, the varieties connected by intergradations: 
elytra brown variegated and dotted with grey, somewhat as in A. fasciculatus, 
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but the alternate interspaces not contrasting as in that species,—or elytra 
grey with three transverse brown bands or patches,—or elytra brown with a 
grey lateral stripe from base to apex,—or elytra brown mottled with grey 
and bearing a grey sutural stripe—or upper side grey with the side of the 
pronotum and a lateral well-defined patch on the elytron brown. Length 
2.8-4.2 mm. (pronotum and elytra together). 


Type in British Museum, from Maui: Iao Valley, March, 1894 
(Perkins), a male with grey dots on elytra. 103 specimens ex- 
amined (paratypes). 

Hawaii: South Kona, November, on Clermontia (Swezey coll.) ; 
Kilauea, July, and Kona, June, July and September (Perkins coll.). 

Maui: Kailua, June, on Elaphoglossum and Straussia, Hale- 
haku, June, and Wailunanui, July (Bryan coll.) ; Haleakala, 3-4000 
ft., March and April, 5000 ft., March and May (Perkins coll.). 

Molokai: Kalae, August (Perkins coll.) ; Kalihuki, 3800 ft., 
August, on Hilo grass (C. M. Cooke, Jr., coll.). 

Lanai: 2000 ft., December and January, and Halepaakai, July 
(Perkins coll.). 

Oahu: Near Honolulu, May; Waianae Mts., April, 2-3000 it., 
Nuuanu Valley, November (Perkins coll.) ; Kaumuahona, June 
(Bridwell coll.) ; S. Waianae Mts., November (Swezey coll.). 

Kauai: Kaholuamano, 4000 ft., Halemanu, 4000 ft., May, and 
high plateau, August (Perkins coll.) ; Kumuwela, on Cyanea and 
Pipturus, August (Swezey coll.). 


3. Araecerus fasciculatus (Degeer) (fig. 1, B) 
Curculio fasciculatus Degeer, Mem. Hist. Nat. Ins. 5: 276, pl. 16, 
fig. 2, 1775. 
Araecerus (Curculio) fasciculatus Degeer, Lucas, Ann. Soc. Ent. 
France, (4) 1: 404, 1861 (partim; synonymy, fasciculatus for 
the first time identified with cacao and coffeae of Fabricius). 


Araeocerus fasciculatus (Degeer), Swezey and Bryan, Proc. 
Hawaiian Ent. Soc. 7: 299, 1929 (Molokai: in husk of kukui 
nut [Aleurites moluccana], partim). 


Araecerus vieillardi (Montrouzier), Swezey ibid., 9:17, 1934 
(partim). 


In both introduced species the net-like sculpture of the pronotum and the 
granulation of the elytra are coarser than in the two indigenous ones, the 
elytra are more cylindrical and the sides of the pronotum more swollen; 
tibiae quadrimaculate. Size variable, but coloring of upper side nearly con- 
stant in the Hawaiian Islands, russet brown, clouded and spotted with grey 
pubescence. 

In A. fascicd#latus head and rostrum grey, with some brown markings shin- 
ing through: on rostrum a subapical transverse band medianly enlarged 
backwards, on frons each side a patch separate from eye, on occiput a pair 
of smaller patches nearer together, in many specimens these markings diffuse 
or are obsolescent; apical area of pronotum grey, usually with a marginal 
brown spot each side of a grey median dash, rest of pronotum suffused with 
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grey, in some specimens with the spots more distinct; on elytra a distinct but 
ill-defined grey patch above shoulder and another at apex, and in many in- 
dividuals a short grey sutural stripe behind scutellum, alternate interspaces 
somewhat contrasting in an aspect from front, III, V, VII and IX being 
feebly convex and bearing each 5 to 7 grey spots. Club of antenna unsym- 
metrical, more so in male than in female, proportions of IX-XI: 30, 27, 27, 
width 13. Central antecoxal area of prosternum smooth, at most with some 
small punctures at anterior margin. Puncturation of abdomen essentially as 
in A. varians. Midcoxa of male without tubercles and anterior tibia without 
rows of tubercles present in the other three species, no apical mucro. Length 
(pronotum and elytra together) 2.3 to 4 mm., but more dwarfed specimens 
may be expected to occur (as elsewhere). 


Forty-seven specimens, all but three in Bishop Museum: 

Maui: Iao Valley, December, on coffee tree (Bryan coll.). 

Molokai: Kainalu, July, kukui nut and Cassia occidentalis 
(Bryan coll.). 

Oahu: Honolulu (Hawaii Agric. Exper. Station), star apple, 
April, University of Hawaii farm, October, Bishop Museum, June, 
Honolulu, February, Kawailoa, June, Waialae Iki, November, Oahu 
Plantation, Waipio, September, Ewa coral plain, on Morinda, 
December (Bryan coll.) ; Honolulu, no date, Palolo, February 
(Illingworth coll.) ; Honolulu, in algaroba seeds, April (Perkins 
coll.) ; Keakakei Valley, on a lobelioid, June, (Adamson coll.) ; 
Palolo, ex koa, January (Young coll.) ; Mokuleia, on breadfruit, 
March, (Wilder coil.) ; Manoa, February, and Honolulu, October 
(Ball coll.) ; Tantalus, no date, no collector. 

Kauai: Ahukini, sugar cane, July, and Lihue, ex sun flower, 
August (Bryan coll.). 

In British Museum 3 specimens collected by Blackburn, one of 
them labelled Oahu. 

Whereas Blackburn emphatically states that what he identified as 
A. fasciculatus has no saltatory power, observers in other parts of 
the world report that A. fasciculatus is very lively and makes 
jumps 2-3 cm. high and 4 cm. wide. Perhaps A. varians does not 
jump, which would be an interesting distinction. 


4. Araecerus vieillardi (Montrouzier) (fig. 1, C) 

Curculio vieillardi Montrouzier, Ann. Soc. Ent. France (3)8: 
873, 1860 (New Caledonia; footnote: “Genre Araeocerus”). 

Araeocerus fasciculatus (Degeer), Swezey and Bryan, Proc. 
Hawaiian Ent. Soc. 7: 299, 1929 (Molokai, in husks of kukui 
nut ; partim). 

Araecerus vieillardi (Montrouzier), Swezey, ibid, 9:17, 1934 
(specimens in collection Hawaiian Sugar Planters’; partim, 
some being A. fasciculatus). 

In general appearance and the coarse sculpture of pronotum and elytra 


resembling A. fasciculatus so much that the two species are easily mixed up. 
It is fairly easy, however, to distinguish one from the other by a comparison 
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of the antennae, the forelegs and the underside of the thorax. Club of antenna 
shorter, the segments almost symmetrical, proportional length in male 25, 20, 
22, width 15 (measurements varying in all four species) ; central antecoxal 
area of prosternum uneven, with tubercles and some large punctures ; in male 
the midcoxa with a distinct conical tubercle and the fore tibia on innerside 
with an apical mucro and two rows of tubercles, which are readily visible in 
a lateral view of the tibia. , 


In the Bishop Museum material examined are 13 specimens; in 
British Museum 6, of which 5 collected by Blackburn are left with- 
out indication of the island and one (Perkins coll.) was obtained 
on Oahu. 

Molokai: Kainalu, kukui nut, and at sea level, July (Bryan 
coll.). 

Oahu: Koko Head, no date (Illingworth coll.) ; Rooke Valley, 
November (Swezey coll.) ; Kawailoa, June, and Honolulu, August 
(Bryan coll.) ; Nuuanu Valley, May (Perkins coll.). 

Kauai: Haena, August, Lihue, September, and Summit camp, 
September (Swezey coll.) ; Honopu, June (Bryan coll.). 

The original home of A. fasciculatus was India or Africa, 
whereas A. vieillardi is essentially an inhabitant of the Pacific. 
There might be an opportunity for a Japanese species (described 
by Sharp in 1891 as A. tarsalis, a species found among beans by 
Lewis) to invade the Hawaiian Islands. This species is similar to 
A. vieillardi, but is darker, generally more regularly maculate on 
the elytra, segments IV and V of the antenna are together but little 
longer than III, the angle of the pronotal carina is smaller (more 
acute), the tarsi are broader, particularly in the male, the fore tibia 
of the male has no mucro, etc. 


Records of Araecerus in the Proceedings of the Hawaiian Ento- 
mological Society : 


Araeocerus fasciculatus, Giffard 1:181, 1908 (Lanai, beaten 
from kukui). 

Araecerus fasciculatus, Bridwell 4:22, 1919 (imago of hymen- 
opteron Perisierola enuigrata eating larva). 

Araecerus fasiculatus (!), Bridwell, loc. cit.: 407 (near Pearl 
City, pods of Samanea saman attached). 

Araeocerus fasciculatus, Swezey, ibid. : 452, 1921 (Sugar Loaf 
Hill and Waianae Mts., description of eggs found in koa pods, 
probably this species, but see also note below). 

Araeocerus fasciculatus, Swezey 5: 15, 1922 (one specimen bred 
from Sicana odorifera). 

Araeocerus fasciculatus, Swezey loc. cit. : 187, 1923 (eggs de- 
scribed in 1921 not this species). 
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Areocerus (!) fasciculatus, Swezey 6: 233, 1923 (one specimen 
bred from rotten branches of Plumeria). 

Araecerus fasciculatus, Swezey and Bryan, loc. cit. : 417, 1927 
(Molokai, one at Kamiloloa). 

Araecerus fasciculatus, Illingworth, 7:44, 1928 (Lanai). 

Araecerus fasciculatus, Illingworth loc. cit. : 250, 1929 (Kona, 
Hawaii, in and about cotton bolls). 

Araecerus fasciculatus, Swezey and Bryan ibid. :299, 1929 
(Molokai, 11 at sea level to 100 ft., husks of kukui nut, etc. ; 1 
at Kamiloloa [Adamson] ). 

Araecerus fasciculatus, Illingworth, ibid. : 409, 1931 (Waipio, 
in water of Waiahole ditch). 

Araecerus fasciculatus, Swezey ibid. :498, 1931 (Maui, on Chei- 
rodendron gaudichaudit). 

Araecerus vieillardi, Swezey, 9: 17, 1935 (among A. fasciculatus 
in H.S.P.A. collection, list of localities). 

Araecerus vielliardi, id., loc. cit. (misprint). 

Araecerus fasciculatus, Swezey, 9: 201, 1936 (food plants of 
larvae in Hawaii). 

Araecerus fasciculatus, A. vieillardi, and A. constans, Zimmer- 
man 10: 152, 1938 (the genus represented in Hawaii by three 
described species and some new species). 

Araecerus fasciculatus and A. vieillardi, Marlowe, ibid. : 359 
(Waimea, larvae in green and in ripe fruit of Passiflora 
laurifolia). 

Araecerus fasciculatus and A. vieillardi, Swezey, ibid. : 362, 
1940 (Oahu, from bunch of bananas in his garden). 

Araecerus vieillardi, Swezey ibid. : 366, 1940 (reared from 
banana bunch, Manoa Valley, Oahu). 

Araecerus fasciculatus, Sakimura and Linford, ibid. : 452, 1940 
(Lanai, ripe pineapple fruit and old fruits of Melia aze- 
darach). 

Areocerus sp., Holdaway and Nishida, 11: 167, 1942 (Oahu, 
Ewa Plantation, September, in freshly threshed dry beans). 
Araecerus fasciculatus and A. vieillardi, Holdaway and Look, 
ibid. : 257, 1942 (Hawaii Agric. Exper. Station, dry garden 

beans). 

Araecerus fasciculatus and A. vieillardi, Krauss, 12:88, 1944 
(Maui; Molokai). 

Araecerus fasciculatus, Swezey, 12: 358, 1945 (intercepted in 
California on Dendrobium macrophyllum from Borneo). 
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The Identity and Host Plants of Blossom Midge in Hawaii‘ 
(Diptera: Cecidomyiidae: Contarinia) 


By D. D. JENSEN 


University of Hawaii Agricultural Experiment Station 


(Presented at the meeting of November 12, 1945) 


INTRODUCTION 


A small cecidomyiid midge which frequently infests the flower 
buds of tomato has been known to exist in Hawaii since 1906 when 
Dr. O. H. Swezey (13)? of the Hawaiian Sugar Planters’ Associa- 
tion Experiment Station reared adults from larvae infesting tomato 
buds. Until the present report, published literature, summarized 
below, listed at least four species of Contarinia as occurring in 
Hawaii. These were: 


(1) Contarinia sorghicola (Coq.), the sorghum midge. 
(2) C. solani (Riibs.), on tomato. 


(3) C. maculipennis Felt, on hibiscus and pikake (Jasminum 
sambac). 


(4) C. lycopersici Felt, on tomato, eggplant and pepper. 


The distinctive sorghum midge is well known and has not been 
confused with other species in Hawaii. However, knowledge of the 
biological and taxonomic relationships of the flower-infesting Con- 
tarinia in Hawaii has been confused in the past. The purpose of 
this paper is to present evidence indicating that the tomato-infesting 
midge, which was referred to in the literature as Contarinia solani 
(Ritbsaamen) in earlier years and as C. lycopersici Felt during 
recent years, is the same species found infesting hibiscus (and sev- 
eral other plants discussed later). The bud midge from hibiscus 
was described by Felt as C. maculipennis. Host and breeding rec- 
ords, which demonstrate that the blossom midge in Hawaii breeds 
in a singularly wide range of hosts, are summarized. These include 
more plant families than have been known for any other species of 
gall midge thus far reported. 


LITERATURE 


In the first record of blossom midge from Hawaii, Swezey (13) 
listed the species under the name Contarinia solani (Riibsaamen). 
This name correctly applies to a species which had been reared 


1 Published with the approval of the Director, Hawaii Agricultural Experiment Station as 
Technical Paper No. 135. 


2 Figures in parentheses refer to literature cited at the end of the article. 


Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 
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from the blossoms of Solanum dulcamara in Germany and was 
described by Riibsaamen (12) in 1891. Swezey’s original note 
follows: “Contarinia solani was bred from tomato buds where the 
larvae fed upon the young ovary of the blossom causing the buds 
and blossoms to blight and eventually fall off. The larvae of this 
species also pupate in the ground.” 

In 1911 Felt (5) described as C. lycopersici a species which had 
been reared from tomato flowers at St. Vincent, West Indies. Felt 
stated that lycopersici is related to solani but is a distinct species. 

Barnes (1) in 1932 recorded the presence of C. lycopersici in 
Trinidad, West Indies where it was found infesting the flowers of 
tomato. 

Tucker (14) in 1935 reported that several tomato fields in: Bar- 
bados, West Indies had been infested with a blossom midge which 
did considerable damage to the flowers. The species had not been 
identified, but Tucker suggested it was C. lycopersici. In 1937 
Barnes (2) confirmed the presence of lycopersici in Barbados. 

Barnes (2), who had not had the opportunity of examining the 
blossom midge of Hawaii, but had studied specimens of lycopersici 
from the West Indies, commented in 1937 on the reported occur- 
rence of C. solani in Hawaii as follows: “I believe that this is an 
erroneous identification and that the midge in question must be 
C. lycopersici Felt which is closely allied to C. solani but is distinct. 
C. lycopersici was described from larvae doing exactly the same 
type of damage to tomato buds in St. Vincent, West Indies, as O. H. 
Swezey described was taking place on Oahu.” 

In 1938 Illingworth (11) called attention again to blossom drop 
of tomato in Hawaii due to infestations of blossom midge. 

In 1941 Callan (4) summarized the known distribution of C. 
lycopersici. He listed Trinidad, St. Vincent, Barbados, Grenada, 
St. Lucia and Dominica in the West Indies, British Honduras in 
Central America, British Guiana in South America, and Hawaii. 
Callan’s record for Hawaii was based upon the conclusion of Barnes, 
cited above, regarding the identity of the species in Hawaii. All 
collections reported by Callan and earlier writers were made from 
tomato blossoms. : 

On the basis of observations and collections by members of the 
University of Hawaii Agricultural Experiment Station, Holdaway 
(8) in 1944 listed blossom midge, under the name C. lycopersici, 
as a submajor pest of eggplant and pepper as well as of tomato in 
Hawaii. In 1945 blossom midge was again listed by Holdaway et al 
(9) as a potentially serious pest of tomato, eggplant and pepper in 
Hawaii. 

In 1933 Felt (6) described, as Contarinia maculipennis, a midge 
which O. H. Swezey had reared from the buds of hibiscus in Hawaii. 
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Illingworth (10) in 1934 stated that he had received hibiscus buds 
infested with midge larvae from the island of Hawaii about 1928. 

Fullaway (7) in 1934 reported breeding the “hibiscus bud midge” 
from buds of Jasminum sambac (pikake). 


EVIDENCE OF THE COIDENTITY OF MIDGES INFESTING 
DIFFERENT HOST PLANTS IN HAWAII 


In April 1944 the writer began an investigation of the ecology 
and life history of blossom midge in Hawaii. Among the first ob- 
jectives of this study was the determination of the identity and host 
range of the midge occurring on tomato. This species was believed 
by Holdaway et al (8,9) to be the same as that infesting pepper and 
eggplant. Examination of material.in the collection of the Univer- 
sity of Hawaii Agricultural Experiment Station revealed specimens 
reared from Momordica charantia (bitter melon) and from Brassica 
chinensis (white mustard) which appeared to be identical with those 
reared from tomato, eggplant and pepper. During the course of the 
investigation, similar midges were reared from Solanum rantonnetii 
Carr. (Paraguay nightshade) and Solanum tuberosum L,. (potato) 
as well as from several species of Lycopersicon. These and other 
records are summarized later in this paper. 

Until January 1945 bud midge from hibiscus and Jasminum sam- 
bac had not been seen by the writer. It had been assumed that this 
midge, described as C. maculipennis Felt, was distinct from the 
species infesting crop plants. A field observation provided the first 
hint of their coidentity. 

On January 3, 1945 the writer encountered a blossom midge 
infestation in a field of tomatoes in the upper Kipapa region near 
Wahiawa, Oahu. The number of tomato plants and blossoms found 
infested with midge larvae diminished with increased distance from 
one corner of the field. At the edge of the field in this corner 
occurred a hibiscus bush 80 per cent of the buds of which were 
infested with midge larvae. The close proximity of the infested 
hibiscus to the portion of the tomato field in which the highest inci- 
dence of midge infestation occurred suggested that hibiscus had 
served as the source of infestation for tomato. Moreover, this cir- 
cumstance also suggested that the midge described from hibiscus as 
C. maculipennis Felt was not a distinct species from the one com- 
monly infesting tomatoes in Hawaii and provisionally called /yco- 
persict. 

Midge adults reared from tomato and hibiscus appeared identical 
to the writer. However, in order to obtain more conclusive evidence 
that only a single species was involved in the infestations found on 
plants of different families, the experiments described below were 
conducted and specimens from the various hosts were submitted to 
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Dr. H. F. Barnes* of the Rothamsted Experimental Station, Eng- 
land, for examination. 


Midge adults that were reared from larvae infesting hibiscus in 
the field were caged January 18, 1945 on Bounty tomato plants 
growing in clay pots in the University of Hawaii greenhouse at 
Honolulu. Five days later, mature tomato flowers and unopened 
buds in varying stages of development were examined for the pres- 
ence of midge larvae. Several buds and a few open blossoms were 
found to be infested. In addition, a few buds carried midge eggs 
alone or eggs and a few first instar larvae on the inner walls of the 
syngenesious androecium. Most of the infested buds were approach- 
ing maturity but had not yet opened. The larvae were transferred 
from the tomato buds to glass vials containing moist soil. They 
immediately entered the soil where they subsequently pupated. The 
first adults emerged 14 days after the larvae had entered the soil. 


As a parallel experiment, midge adults reared from larvae infest- 
ing tomato buds and blossoms in the field were also caged on tomato 
plants in the greenhouse. They oviposited in the tomato buds and 
the duration of the life cycle coincided with that of the midges origi- 
nally reared from hibiscus and later bred on tomato under cage 
conditions. 

Uncaged tomato plants of the same size and variety as those used 
in the above experiments were maintained as controls. They were 
kept on the same bench with the test plants and remained free from 
infestation during the experiments. 


On March 17, 1945 midge adults reared from larvae naturally 
infesting Jasminum sambac (pikake) were caged on two Bounty 
tomato plants,* to determine if they would breed on tomato. Seven 
days later 15 infested buds were removed from the caged test plants. 
A few buds carried eggs and very small larvae, but the majority of 
buds contained larvae which were mature or approaching maturity. 
These were transferred to pupation vials containing moist soil. The 
first adults emerged on the 13th day after the larvae had been trans- 
ferred to the pupation vials. 


The midges reared on tomato, as progeny of parents reared from 
hibiscus and pikake, appeared to the writer to be indistinguishable 
from specimens reared from naturally infested tomatoes. Their 
coidentity was confirmed by Dr. Barnes as discussed later in the 
paper. 

After determining that midges reared from field infestations of 
hibiscus and Jasminum sambac would breed on tomato, the speci- 
mens involved in these experiments as well as material reared from 


* Dr. Barnes is an eminent authority on the taxonomy of this difficult family and his interest 
in the problem is greatly appreciated. 

4 Pupation jars containing emerging adults and also larvae and pupae in various stages of 
maturity were placed inside the experimental cages. Therefote, adults emerged daily for 
several days after the initial introduction on Marc 
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the following hosts were sent to Dr. Barnes for identification: to- 
mato (Lycopersicon esculentum), eggplant (Solanum melongena), 
Paraguay nightshade (Solanum rantonnetii), garden pepper (Capsi- 
cum frutescens), white mustard (Brassica chinensis), bitter melon 
(Momordica charantia), hibiscus, and pikake (Jasminum sambac). 
Since sending these specimens to Dr. Barnes, blossom midge has 
also been reared from Irish potato (Solanum tuberosum). 

Dr. Barnes compared the specimens from Hawaii with C. lyco- 
persici bred from tomato in Trinidad and Barbados, West Indies, 
and also with C. solani reared in England. His analysis of the prob- 
lem is summarized below. Quotations are from Dr. Barnes’ letter 
to the writer dated October 1, 1945. 


1. There is probably one species of Contarinia in Hawaii which 
will live on the host plants cited above. 

2. Most of the specimens from the West Indies “agree better 
with Felt’s original description of lycopersici than with his descrip- 
tion of maculipennis.” However, certain individuals from Trinidad 
resemble very closely the specimens from Hawaii. 

3. All of the specimens from Hawaii, with the exception of those 
from white mustard which were too broken to permit satisfactory 
examination, agree more closely with Felt’s maculipennis descrip- 
tion than with his description of lycopersici. However, Dr. Barnes 
writes, “There is considerable variation in the accepted specific char- 
acters and a special study is needed of individuals reared under 
different conditions and on different plants.” 

4. There is considerable evidence suggesting that the midge in 
Hawaii is the same species as C. lycopersici which occurs on tomato 
in the British West Indies. “The weight of biological evidence 
would justify your sinking maculipennis as a synonym of lycoper- 
sici.” Nevertheless, Barnes would prefer postponement of such 
action until experiments can be conducted in the British West Indies 
to determine if /ycopersici in that region is also capable of breeding 
on the different plant hosts reported from Hawaii. 


Host AND COLLECTION RECORDS OF BLOSSOM MIDGE IN HAwallI 


The host range of this midge (probably C. lycopersici) is of un- 
usual significance because it includes species in five different plant 
families. Gall midges in general have a very narrow host range. 
Barnes (3) in 1939 reported, “The only recorded instance of a gall 
midge living on plants belonging to two families is that of Macro- 
labis corrugans F. Lw. which is reported to live on certain Umbelli- 
ferous and Labiate species.” 

Blossom midge adults have been reared from larvae found in- 
festing the flower buds of all the plants listed in table 1. In addition, 
with but a few exceptions, midges were reared to the adult stage 
to provide the records which are listed under each host. 
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Table 1. Host and Collection Records of 
Blossom Midge in Hawaii 


Host PLANT DATE 


SOLANACEAE 


Lycopersicon esculentum 
Mill. (tomato) 


L. peruvianum var. 
dentatum Dun. 
L. peruvianum var. 

humifusum Mull. 


5-1, 3-44 


L.. pimpinellifolium (Jusl.) °5-4, 6, 9-44 
Mill. 


5-1-44 
5-3-44 
8-3-45 
5-10-43 
6-4-43 
7-23-43 
6-20-44 


3-21-45 


L. esculentum x L. pimpi- 
nellifolium (Jusl.) Mill. 

L. esculentum x L, hirsu- 
tum Humb. & Bonpl. 

L. (hirsutum x esculentum ) 
x peruvianum (L,.) Mill. 

Capsicum frutescens L,. 
(pepper) 


Solanum melongena L. 
(eggplant) 


7-11, 26-44 
5-25-32 
5-15-45 


Solanum rantonnetti Carr. 
( Paraguay nightshade) 

Solanum tuberosum L. 
(potato) 


LocaLity* 


U.H., Manoa 


U. H., Manoa 
U. H., Manoa 
U. H., Manoa 
U. H., Manoa 
Waialua 


CoLLECTOR 


. G. Holdaway & 
. Nishida 
. Nishida 
. D. Jensen 
. D. Jensen 
D. D. Jensen 
D. D. sont & 
T. Nishida 


Kipapa Airfield D. D. Jensen 
Upper Kipapa D.D. Jensen 


Koko Hea 
Poamoho 
Poamoho 
U.H., Manoa 
Ui 
U: 
U: F 


U. H., Manoa 


Manoa 
Manoa 


Manoa 


Poamoho 
Kaimuki 


Kaimuki 
Waialua 


U. H., Manoa 
U. H., Manoa 
U. H., Manoa 
Kaimuki 


Pauoa Valley 
Haiku, Maui 
Manoa 

U. H., Manoa 
Kaimuki 


Honolulu 
Waianae 


Waipahu 


D. D. Jensen 
D. D. Jensen 
Reported by 
W. A. Frazier 
D. D. Jensen 


D. D. Jensen 
D. D. Jensen 
D. D. Jensen 
D. D. Jensen 
D. D. Jensen 
E. Akamine 


T. Nishida 

D. D. Jensen & 
T. Nishida 

D. D. Jensen 
D. D. Jensen 
D. D. Jensen 
E. Akamine 


T. Nishida 
J. Shigeta 
T. Nishida 
T. Nishida 
E. Akamine 


T. Nishida 
O. H. Swezey 
D. D. Jensen 


* All collections listed were made on Oahu unless otherwise indicated. 
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Table 1—Continued 


Host PLANT DatTE LocaLity* CoLLECTOR 


CUCURBITACEAE 
Momordica charantia L.. 2-16-43 Haiku, Maui J. Shigeta 


(bitter melon) 
3-2-45 Haiku, Maui D.D. Jensen 
5-15-45 Waipahu D. D. Jensen 
MALVACEAE 
Hibiscus sp. 1-3-45 Upper Kipapa D.D. Jensen 
1-26-45 Manoa . D. Jensen 
2-7,16-45 Manoa . D. Jensen 
OLEACEAE 
Jasminum sambac Soland. 1-11-45 Kaimuki 
(pikake) 


. D. Jensen 


D 
3-2-45 Waihee, Maui D. D. Jensen 
3-19-45 Waiau D. D. Jensen 
CRUCIFERAE 
Brassica chinensis L,. 1-2-43 U.H.,Manoa__ T. Nishida 
(white mustard cabbage) (greenhouse ) 


* All collections listed were made on Oahu unless otherwise irfdicated. 


Lycopersicon esculentum Mill. (tomato). Blossom midge in- 
festations in common tomato have varied in severity in Hawaii from 
a fraction of 1 per cent to over 80 per cent of the mature buds 
sampled. These observations agree with those reported by Callan 
(4) from Trinidad where Contarinia lycopersici was found infest- 
ing from 1.1 per cent to 83 per cent of the tomato flowers examined. 


Capsicum frutescens L.. (garden pepper). In several instances 
practically 100 per cent of the flowers of peppers in small private 
garden plantings have been found infested with midge larvae. 


Solanum melongena L,. (eggplant). Eggplant may at times be 
subject to heavy infestation by blossom midge. However, tomato 
and pepper may be preferred hosts because, on several occasions, 
midge larvae have been found infesting these plants growing in 
close proximity to non-infested eggplants. 


Solanum tuberosum L,. (potato). Blossom midge has been reared 
from Irish potato blossoms on only two occasions. However, this 
paucity of records from potato may be due to factors other than 
host preference. Since an infestation in potato blossoms does not 
result in economic loss, as is the case with infestations of tomato, 
pepper and eggplant flowers, the presence of midge larvae in potato 
blossoms ordinarily would go unnoticed. Moreover, potatoes do not 
blossom profusely in Hawaii. Furthermore, much of the potato 
acreage in the Territory is not grown in close proximity to peren- 
nial hosts of midge which might serve as ready sources of infesta- 
tion, 
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The specimens reared from potato have not yet been submitted 
to Dr. Barnes for determination. However, there is little doubt 
that they will prove to be the same species that breeds on the 


other host plants listed. 


Solanum rantonnetii Carr. (Paraguay nightshade). This plant is 
very rare in Hawaii. It was not known to exist here until July 1944 
when Mr. T. Nishida of the University of Hawaii Agricultural 
Experiment Station submitted a specimen to Miss Marie Neal of 
the Bishop Museum for identification. He found most of the blos- 
soms heavily infested with pepper weevil larvae. A few buds were 
found to harbor small dipterous larvae which were called to the 
attention of the writer. They were reared to the adult stage and 
proved to be blossom midge. 


Momordica charantia \,. (bitter melon). Mr. Shigeta reported 
severe damage by midge larvae to bitter melon flowers. Infested 
blossoms failed to open and hence did not become pollinated. Al- 
though the writer found infested blossoms at Haiku, Maui and at 
Waipahu, Oahu the percentage infestation was extremely low. 


Hibiscus sp. Although only a few infestations of midge on 
hibiscus have been recorded, it is apparent that at times most of 
the blossoms on a bush may be infested. Over 80 per cent of the 
buds on a single plant in the upper Kipapa district were found 
infested on January 3, 1945. 


Jasminum sambac Soland. (pikake). Pikake, which produces a 
profusion of blossoms, is apparently an important host of the 
midge. Since it is a perennial plant, grown in commercial stands 
to produce flowers for the lei industry, it may prove to be one of 
the key host plants in maintaining a midge population throughout 
the year. Over 75 per cent of the living buds sampled were found 
infested in the January 11, 1945 collection reported above. 


Brassica chinensis L,. (white mustard cabbage). This plant has 
not yet been found infested in the field. The single record to date 
is based on an infestation which developed on plants grown in the 
greenhouse. A note accompanying the collection data stated that 
the midge larvae were “fairly abundant” and that they occurred 
also on tomato flowers. 


SEASONAL OCCURRENCE AND ABUNDANCE OF 
Briossom Mipck 1In Hawallr 


It has not yet been possible to make a consistent and detailed 
investigation of the abundance and distribution of blossom midge 
during each month of the year. However, the collection records 
summarized above reveal that this species apparently breeds in 
some of the solanaceous crop plants throughout the year. Collec- 
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tions have been made from either tomato, pepper or eggplant during 
every month of the year except September, October and November. 
It is probable that a careful search will reveal infestation during 
these months as well. 

Most of the infestations which have been reported as a result of 
midge damage have occurred during the spring and early summer 
months, particularly May and June. However, during a search for 
the midge at other seasons, extremely heavy infestations were 
found on hibiscus and Jasminum sambac in January. 


SUMMARY 


1. Experiments are reported which demonstrate that the gall 
midge, Contarinia maculipennis Felt, which infests hibiscus in Ha- 
waii, is the same species which breeds in tomato blossoms and was 
known in Hawaii under the names Contarinia solani (Riibsaamen) 
and C. lycopersici Felt. Midge adults reared from hibiscus and 
Jasminum sambac have been shown to breed on tomato where they 
complete a life cycle indistinguishable from that of specimens 
originating on tomato. ; 


2. The biological evidence reported and a comparison of speci- 
mens from Hawaii with /ycopersici from the British West Indies 
indicate the probability that the species occurring in Hawaii is also 
lycopersict. If such is the case, the name maculipennis is a synonym 
of lycopersict. However, in the West Indies lycopersici has been 
recorded only from tomato while the species in Hawaii is now 
known to breed in several unrelated plants. This fact makes it 
inadvisable at present to relegate the name maculipennis to synony- 
my, since the possibility exists that the midge in the West Indies 
is biologically distinct from the midge in Hawaii despite the ap- 
parent absence of consistent morphological differences. 


3. In Hawaii blossom midge has been reared from the following 
host plants: SOLANACEAE: Lycopersicon esculentum (tomato), 
L. pimpinellifolium, L. peruvianum, Capsicum frutescens (garden 
pepper), Solanum melongena (eggplant), Solanum tuberosum 
(Irish potato), Solanum rantonnetii (Paraguay nightshade) ; CRU- 
CIFERAE: Brassica chinensis (white mustard or pak choy) ; 
CUCURBITACEAE: Momordica charantia (bitter melon) ; 
MALVACEAE: Hibiscus; OLEACEAE: Jasminum sambac 
(pikake). 

The wide host range of blossom midge in Hawaii, involving five 
different plant families, is unique among gall midges of the family 
Cecidomyiidae. Only one other species has been recorded from 
plants belonging to more than one family, and in this instance only 
two plant families are involved. 
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Virus Diseases of Plants and Their Insect Vectors 
with Special Reference to Hawaii 


By D. D. JENSEN 


University of Hawaii Agricultural Experiment Station 


(Presidential address, delivered December 10, 1945)* 


This subject will be divided into the following three general parts : 


Part I. Principles of insect transmission of plant viruses. 

Part II. Insect species occurring in Hawaii known to transmit 
plant viruses, with a list of viruses transmitted by each. 

Part III. Plant virus diseases known or reported to occur in 
Hawaii with special reference to their transmission by in- 
sects. 


Introduction 


The entomological and pathological implications of the war are 
far-reaching and it will probably be several years before their full 
significance for Hawaii can be evaluated. However, the handwriting 
is already on the wall. Despite the vigilance of our quarantine in- 
spectors and the cooperation of the Army and Navy it is already 
apparent that undesirable insect species which were previously ab- 
sent from Hawaii are being introduced. The exact manner in 
which recent insect arrivals reached the Territory has not been de- 
termined. Until recent years most of them were brought by boat. 
However, the heavy plane traffic through Hawaii during and since 
the war provides a means of insect entry which is a more serious 
hazard than that attending the slower water craft. 


Several immigrant species have been discovered in Hawaii dur- 
ing the past two years. Because of their conspicuousness and the 
rapidity with which they have become abundant, some of these can 
be considered very recent arrivals—possibly by plane. 


Quarantine inspectors in Hawaii have intercepted a number of 
living insects in planes which arrived from the mainland or from 
other Pacific areas. Due to the short period of time required by 
modern planes to travel thousands of miles, even delicate forms, 
such as aphids and leafhoppers, which cannot survive many hours 
away from suitable hosts, may reach Hawaii alive. Most of these 
insects are killed by spraying before they can escape from the 
planes. It is probable, however, that during the early part of the 
war before treatment of military planes had become a well estab- 
lished practice, or as a result of crash landings or other emergencies, 

1 Because of the length of the paper, the actual address as delivered was confined to Part I 
and representative portions of Parts II and III. 


Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 
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insects reached Hawaii by planes from which they escaped alive. 
Furthermore, the most rigid quarantine system that can be put into 
practical service cannot hope to intercept all insects which reach 
Hawaii. This service is, however, successful in reducing the intro- 
ductions to a fraction of what they would be if no regulations were 
in effect. 

This problem has a direct bearing on the subject I have chosen 
for discussion today, because the hazard of introducing new virus 
diseases by means of viruliferous insects, or of introducing more 
efficient vectors of viruses already established, is greatly increased 
by aircraft, particularly under conditions imposed by war. 

This discussion will be confined primarily to the entomological 
aspects of virus problems. Furthermore I shall not undertake a 
treatment of all known plant viruses or their vectors but shall deal 
in particular with the viruses and vectors known to occur in Hawaii. 
In addition, certain viruses not known to occur in Hawaii will be 
considered briefly because of the bearing they have on the virus 
problems of the Territory. 

A review of the literature on virus diseases and virus research in 
Hawaii reveals that although a considerable number of viruses occur 
here, most of them have received only passing notice. Those which 
have been investigated most extensively are: yellow spot of pine- 
apple (spotted wilt of tomatoes), sugar cane mosaic, chlorotic 
streak of sugar cane, corn mosaic, and to a lesser extent papaya 
mosaic and Commelina mosaic. Other viruses occur on truck crops, 
bandna, ornamental flowers and weed hosts. These received little 
attention in earlier years because the plants on which they occurred 
played a very minor role in the agricultural economy of the Terri- 
tory, or the viruses were not known to cause serious damage to 
their host plants. 

The increasing importance assumed by diversified crops in Ha- 
waii has resulted in a greater awareness on the part of entomolo- 
gists and pathologists of the importance of virus diseases on the 
respective crops. Furthermore, the number and importance of these 
problems are usually found to increase as the acreage which is 
devoted to the crops in question increases. 


PART I. PRINCIPLES OF PLANT VIRUS TRANSMISSION 
BY INSECTS 


Before discussing particular diseases and insect vectors which 
occur in Hawaii, the nature of viruses and some of the pertinent 
general principles and problems associated with the transmission 
of viruses by insects will be considered briefly. 

I—Nature of viruses. The ultimate nature of viruses has been 
the subject of speculation for many years. Because they are known 
to multiply only in living cells, and because they exhibit other prop- 
erties which are usually considered characteristic of living organ- 
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isms, the opinion was prevalent until recent years that viruses were 
living entities. The announcement by Stanley (218, 219) in 1935 
and 1936 that he had isolated what appeared to be pure tobacco 
mosaic virus, and that it was composed of a crystalline protein of 
high molecular weight, was therefore an important milestone in 
virus research. Stanley also demonstrated (220) that by chemical 
treatment, the structure of this protein, which was shown by Baw- 
den and Pirie (10, 11) to be a nucleoprotein, could be altered with 
resultant loss of virus activity. Reversal of this process restored 
the original structure of the protein and virus activity was thereby 
regained. Other workers have confirmed Stanley’s results and sev- 
eral other viruses have since been demonstrated to be nucleoproteins 
of chemical structure similar to but distinct from that of tobacco 
mosaic. 


II—Transmission of plant viruses. .All plant viruses can prob- 
ably be transmitted to susceptible hosts by grafting, providing grafts 
can be established. A few are transmitted through the seed and 
many can be transmitted by mechanical inoculation. However, the 
most important manner in which viruses spread from plant to plant 
in nature is by means of their insect vectors. Although the majority 
of insect species which transmit plant viruses occur among the 
aphids and leafhoppers, several species in other groups have also 
been incriminated as vectors. Below is given a list of the arthropod 
groups which have been reported as containing vectors of plant 
viruses. The species names are given for the vectors in all groups 
except the aphids and leafhoppers which comprise an extended list. 


ARTHROPOD VECTORS OF PLANT VIRUSES 


(Exclusive of the major groups of vectors, i.e., Aphididae, Cicadellidae) 


Note: Further confirmation is needed of the transmitting ability 
of species whose names are preceded by an asterisk. 


Species Virus References 


ACARINA 
Eriophyes ribis Nalepa Black-currant reversion disease 


virus 4,96 
INSECTA 
Orthoptera 
Melanoplus spp. Potato spindle tuber virus 82 


COLEOPTERA 
Diabrotica vittata Fab. Cucumber mosaic virus 
D. duodecimpunctata (Fab.) Cucumber mosaic virus 122 
D. soror Lec. Cucumber mosaic virus 9 
Leptinotarsa decimlineata Potato spindle tuber virus 
Say (larvae) 
LEPIDOPTERA 
Pieris rapae (Linn.) Cabbage mosaic virus 


+ Figures in parentheses refer to literature cited at the end of the article. 
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Species Virus References 


DIPTERA : 
*Tipula paludosa Meigen Potato spindle tuber virus 59 


(larvae) 
THYSANOPTERA 
Thripidae 
Thrips tabaci Lind. Tomato spotted wilt virus 125, 187 
Frankliniella nigripes Tomato spotted wilt virus 
(Girault) in Australia 8, 201 
F. schultzet (Trybom) Tomato spotted wilt virus 
in S. Africa 148, 149 
F. moultoni Hood Tomato spotted wilt virus 
in N. America 76, 77, 78 
F. paucispinosa Moulton Tomato spotted wilt virus 


in S. America 
HEMIPTERA 
Piesmidae 
Piesma quadrata Fieb. Beet leaf curl (Krauselkrankheit) virus 
P. cinerea (Say) ’ Beet savoy virus 
Miridae 
Lygus pratensis Linn. Rape savoy virus 
Potato spindle tuber virus 
Potato mosaic virus 
HOMOPTERA 
Coccidae 
*Pseudococcus maritimus Bean mosaic virus 
(Ehrhorn) 
*P. citri (Risso) Tobacco mosaic virus 
*lecanium corni Bouché Vine mosaic virus 
Aleyrodidae 
Bemisia gossypiperda Misra Cotton leaf curl virus 
and Lamba 
B. nigeriensis Corb. Cassava mosaic virus 
Psyllidae 
*Mesohomotoma tessmani Cacao swollen shoot disease virus 
(Aulm. ) 
Cercopidae 
Philaenus leucophthalmus Peach yellows virus 
(Linn. ) 
Delphacidae ; 
Peregrinus maidis (Ashm.) Corn mosaic virus 
Perkinsiella saccharicida Sugar cane Fiji disease virus 
Kirk. 
P. vastatrix Breddin Sugar cane Fiji disease virus 


InsEct TRANSMISSION OF VIRUSES 


Virus diseases fall into two general groups on the basis of the 
insect vector relationships involved. The factors which determine 
these various vector-virus relationships are of fundamental impor- 
tance from the standpoint of the biological phenomena involved as 
well as because of their economic importance in the dissemination 
of virus diseases. 

One type of transmission is that in which the vector is able to 
transmit the virus immediately or within a very short time after it 
first feeds on a diseased plant. Such viruses are usually not retained 
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by their vectors for more than a short time after the vectors feed on 
healthy or immune plants. Watson and Roberts (237) have called 
this the “non-persistent” type of virus. 

The other general type, designated as “persistent” viruses, in- 
cludes those which must undergo a latent or incubation period in 
their insect vectors before the latter are capable of infecting healthy 
plants. This period varies from less than an hour up to several 
weeks depending upon the vector and virus involved. Furthermore, 
the vectors of persistent viruses retain the ability to infect healthy 
plants during much or all of their subsequent life without the need 
of feeding again on a virus source. 


Non-persistent viruses. Viruses of the non-persistent type have the 
following general characteristics : 


They usually require no incubation period in the vector. 
They are not long retained by the vectors after the latter leave 
a diseased plant. 

They are usually transmissible by mechanical means. 

There is usually a relatively low degree of specificity between 
the virus and its vectors, particularly with reference to the 
aphids. Most of these viruses can be transmitted by several 
species. There are no well authenticated cases of leafhoppers 
transmitting non-persistent viruses. 


Most of the virus diseases known in Hawaii are of the non-per- 
sistent type. A few of this type are transmitted mechanically with 
such ease that much of the spread in the field may be traceable to 
contaminated tools, clothing or hands. Two of our most common 
virus diseases—tobacco or tomato mosaic and cucumber mosaic— 
are among those which can easily be transmitted mechanically. The 
former, however, is paradoxical in that it is very difficult to transmit 
by means of insects. 

Because of this ease of transmission by mechanical means, the 
idea has become accepted by many people that insect transmission 
of non-persistent viruses is also a purely mechanical process result- 
ing from contamination of the vector’s mouthparts. Yellow dwarf 
of onions, which has been transmitted by more than 50 species of 
aphids, is usually cited as an example of mechanical transmission 
by sucking insects. Other viruses which have been placed in this 
group are those causing potato spindle tuber and common cucumber 
mosaic. These are included in this group because they are easily 
transmissible by juice inoculation and also because several chewing 
insects, in addition to a number of sucking species, have been listed 
as vectors. Mechanical transmission of viruses by insects probably 
occurs in some cases, but recent work indicates that transmission by 
most sucking insects may involve biological as well as mechanical 
factors. Cucumber mosaic is a case in point. 
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Studies by Watson and Roberts (237) in 1939 on transmission of 
cucumber mosaic, Hyoscyamus virus 3 and potato virus Y by means 
of aphids, produced some unusually noteworthy results on this sub- 
ject. They tested the transmitting efficiency of Myzus persicae 
(Sulz.), M. circumflexus (Buck.) and Macrosiphum solanifolit 
(Ashm.) under various conditions. It was found that the efficiency 
of the vectors was greatly increased if they were prevented from 
feeding for a time just prior to being placed on the disease inoculum. 
The transmitting efficiency increased with increased fasting time up 
to 1 hour. This unusual effect was obtained, however, only if the 
time the aphids fed on the source of the virus was reduced to a short 
period immediately preceding transfer to the healthy test plants. A 
2-minute feeding period on inoculum was found to be most satisfac- 
tory. The efficiency of previously starved aphids decreased as the 
time of feeding on the infected plants increased. If this time was 
extended to an hour there was no increase in efficiency over un- 
starved aphids. The explanation suggested by the authors for the 
results reported was that the viruses are inactivated by some sub- 
stance, such as an enzyme, produced by the aphids during feeding. 
This substance, according to their hypothesis, is not produced, or at 
least not in effective quantities, while the aphids are fasting. Fur- 
thermore, for several minutes after feeding is resumed, the inactivat- 
ing substance may not be produced in sufficient quantity to inacti- 
vate the virus being ingested. Hence, fasting and short feeding 
periods result in increased efficiency of virus transmission. 

Watson and Roberts also found that the species of aphids varied 
in their efficiency as vectors despite the fact that during the short 
feeding periods reported, all three species fed in the same paren- 
chyma tissue. In view of the varying efficiency of the species, while 
feeding in the same tissue under the same conditions, the authors 
concluded that aphid transmission in these instances involves a 
complex vector-virus relationship and that the viruses are not trans- 
mitted mechanically. M. solanifolii was the least efficient of the 
three species under consideration. This was explained on the basis 
of more inactivating substance being produced by this aphid. Kas- 
sanis (110, 111) obtained similar results with the same and other 
species of aphids in transmitting tobacco etch viruses. In these 
experiments, efficiency was greatest if the aphids were starved for 
4 hours and then fed for 2 minutes on inoculum before being trans- 
ferred to healthy test plants. 

These experiments are in contrast to differential efficiency ex- 
hibited by the same species of aphids in transmitting potato leaf 
roll (55) where high efficiency was correlated with phloem feeding 
which required longer periods of feeding time on the inoculum. 

As further evidence that loss of infectivity by aphids is not due 
to cleansing of the mouthparts during feeding, Watson and Roberts 
(238) demonstrated that individuals of Myzus persicae may infect 
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a succession of healthy plants if the aphids are first subjected to a 
fasting period followed by a 2-minute feeding on infected plants 
before transfer to the healthy test plants. In contrast to these 
results unstarved infective aphids are usually unable to infect a 
second healthy plant if they are allowed to feed on the first plant 
for several minutes. The aphids which fed discontinuously, in- 
serted and removed their stylets from as many as 10 different 
healthy plants before losing infectivity. During the same time 
interval, unstarved infective aphids feeding continuously on a single 
healthy plant lost the ability to transmit the disease. Therefore, it 
seems highly improbable that such viruses are only mechanically 
transmitted and are lost by being rubbed off during insertion and 
withdrawal of the insect stylets through healthy plant tissue. 

On the basis of these experiments Watson and Roberts con- 
cluded that the presence of the hypothecated inactivating sub- 
stance is the primary difference between the so-called non-persistent 
viruses and those which persist in their vectors. However, this 
hypothesis does not provide an explanation for the incubation 
period of viruses of the persistent type in their insect vectors. Re- 
tention of the persistent type virus by the vector for indefinite 
periods might be explained by the absence of an inactivating sub- 
stance, but in such a case some other fundamental process or 
mechanism must be responsible for the latent period of the virus in 
the vector before transmission is possible. Furthermore, the factors 
involved in this process may be more complex than those which 
permit indefinite retention of the virus. However, since viruses 
which require an incubation period in their vectors are also always 
retained by the vectors for indefinite periods of time, it is probable 
that the factors governing the two phenomena are the same or 
at least are intimately associated. 


Viruses of the persistent type. Viruses of the persistent type 
usually have the following characteristics : 

1. A latent or incubation period in the body of the insect vector. 
This is the period between the acquisition of the virus by 
the insect and the time when the insect becomes capable of 
infecting healthy plants with the virus. 
After becoming viruliferous the insect vectors usually retain 
the virus for an extended period of time or for life without 
the need of again feeding on a diseased plant. 

The vectors are usually phloem feeders and the viruses usually 
produce symptoms which are associated with phloem dis- 
turbances. However, some persistent viruses occur in both 
phloem and parenchyma. 

Most persistent viruses are not sap transmissible. 

There is a greater degree of specificity between the insect 
vector and the virus than occurs among the non-persistent 
viruses. 
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Incubation period in the vector. An incubation period of the virus 
apparently occurs in the insect vectors of all viruses of the per- 
sistent type. In Hawaii, this has been demonstrated to occur in 
Peregrinus maidis (39) in the transmission of corn mosaic and in 
Thrips tabaci (125) during transmission of yellow spot of pine- 
apple (spotted wilt of tomato). Presumably the incubation period 
shown to exist in Myzus persicae in transmitting potato leaf roll 
(215) also obtains in Hawaii, although this has not been tested 
experimentally. 

The nature of the incubation period of the virus in the vector 
has been a subject of considerable discussion for a number of years 
but as yet no unanimity of opinion has developed on the question. 
The principal theories suggested to explain this latent period are: 
(a) that the virus must multiply itself in the body of the vector 
in order to develop a concentration great enough to permit emis- 
sion of an infective dose by the insect; (b) that the latent period 
is the time required for the virus to pass through the walls of the 
intestine, enter the blood and make its way into the salivary glands 
from which it is presumably injected into the plants during feed- 
ing; (c) that it is a period during which the virus is changed in 
some necessary manner before the vector can transmit it. 

The second theory is difficult to test because of the complications 
encountered in trying to detect the presence of the virus in specific 
tissues or fluids of the insect vector. It has been accomplished 
with respect to some tissues in a few insects, but not in experi- 
ments which were designed to measure the rate of virus movement 
through the respective tissues. As yet there has been no way dis- 
covered to obtain concrete evidence on the last theory. 

The theory regarding multiplication in the insect has been re- 
viewed by Storey (222), Leach (122) and Bawden (9). In this 
paper it will be discussed but briefly, and some aspects which have 
not been considered previously will be mentioned. 

There is persuasive evidence both for and against the idea that 
the latent period in insects is due primarily to multiplication of the 
virus to an infective threshold. When sufficient facts are available 
they may reveal that virus multiplication occurs in some species 
and not in others. We can be certain that the problem is not a 
simple one even in the case of an individual disease and its vector. 
Although the incubation period of a given virus in its vector is 
usually constant within general limits, there may be wide differences 
between individuals within the same species. One of the most ex- 
treme examples is that demonstrated by Carter (39) in relation to 
Peregrinus maidis and discussed more fully later in this paper. In 
this species the latent period varies from 4 to 29 days. If this period 
is based upon multiplication of the virus, it is apparent that the 
physiological differences occurring among individuals or genetic 





543 


lines within a species have a direct influence on the multiplication 
rate. 

Kunkel (119) in 1937 demonstrated that if colonies of infective 
leafhoppers of Macrosteles divisus (Uhl.) were exposed to tem- 
peratures of 31 to 32° C. for 1 day or longer, they lost the ability 
to transmit aster yellows virus either permanently or temporarily. 
A 12-day exposure to this temperature resulted in permanent in- 
activation of the virus in the insect. However, “colonies treated 
from 1 to 11 days regained ability to transmit after periods varying 
from a few hours up to many days. The longer the colonies were 
heat-treated, the longer it took them to regain ability to transmit. 
Colonies in which virus was undergoing natural incubation were 
affected to a greater degree by heat treatments than colonies that 
were infective at time of treatment.” These results were inter- 
preted to mean that short treatments inactivated only part of the 
virus and transmitting ability was regained when the virus had 
again increased to an infective level. The 12-day treatment was 
assumed to have inactivated all of the virus in the insect. The more 
marked effect of heat treatment on colonies in which the virus was 
undergoing natural incubation was construed as evidence that the 
quantity of virus in these insects was lower at the time of treatment 
than in insects already infective when treated. Kunkel showed fur- 
ther (120) that this leafhopper can live and reproduce normally 
at temperatures higher than those which inactivated the virus. This 
fact, together with the demonstrated ability of leafhoppers to be- 
come infective a second time by feeding on a diseased plant after all 
the virus had once been inactivated in them by heat treatment, are 
cited as adequate evidence that the loss of transmitting ability due 
to heat treatment resulted from an effect on the virus itself and not 
on the insect. 

Black (17) reported experiments which were presented as addi- 
tional evidence that the aster yellows virus multiplies in its vector. 
His technique involved transmitting the virus mechanically from 
insect to insect, usually at 0° C. By this method he demonstrated 
that juice from viruliferous insects is infectious at dilutions as high 
as 1: 1000 in 0.85 per cent NaCl solution. Furthermore, although 
the minimum incubation period in mechanically inoculated insects 
varied from 11 to 45 days, the insects usually remained infective 
until they died. Black also presented evidence indicating that the 
virus reached its highest concentration in the insects several days 
before the vectors could transmit the virus to asters. Moreover, the 
virus concentration in some instances appeared to decrease towards 
the end of the incubation period. It was therefore suggested that 
part of the incubation period may represent a period of multiplica- 
tion of the virus while the remaining portion may be the time re- 
quired for the virus to move from the centers of multiplication to a 
site in the insect from which it may be injected into the plant. 
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One of the strongest arguments cited as evidence of virus multi- 
plication in the insect vector is based on Fukushi’s work with 
Nephotettix apicalis, var. cincticeps Uhl., the vector of rice dwarf 
disease. This is the only known case of a virus being transmitted 
through the egg of the vector to its progeny. Fukushi (72, 73, 74) 
in 1933, 1935 and 1939 demonstrated that congenital transmission 
through the egg takes place only when the female parent carries the 
virus. Infective progeny resulted from crosses involving viruli- 
ferous females and non-viruliferous males but not when the re- 
ciprocal crosses were made. The virus was passed from insect to 
insect through the egg to the 7th generation without the insects in 
question feeding on disease inoculum. 

The justification for interpreting the various experiments re- 
ported here in the manner indicated above has been questioned by 
some, notably Bawden (9). The work on several other insect vec- 
tors suggests that if virus multiplication occurs, the rate must vary 
or else it is not fast enough to maintain the original charge of the 
virus. Otherwise multiplication should maintain the virus at an 
infective level throughout the life of the insect. This does not hap- 
pen in many instances, examples of which are discussed below. 


Freitag (69) showed that the ability of Eutettix tenellus (Baker ) 
to transmit curly top virus diminished with increased time after 
completion of the incubation period. During the latter part of their 
lives, many leafhoppers completely lost the ability to transmit the 
virus or transmitted more and more infrequently. However, if such 
leafhoppers were permitted a second feeding on inoculum, they 
again became viruliferous. These results suggested that loss of 
infectivity had been due to exhaustion of the virus supply in the 
insect. This fact was confirmed for Eutettix tenellus by Bennett 
and Wallace (14), for Cicadulina mbila (Naudé) by Storey (222) 
and for Peregrinus maidis by Carter.(39). Freitag also found that 
the length of the original feeding period on the virus source had 
an effect on the duration in the insect of infective ability. Short 
exposure to inoculum tended to result in a shorter infective period 
for the insect. A feeding period of several hours or days on inocu- 
lum usually resulted in more prolonged infectivity. However, there 
appeared to be a limit beyond which further inoculum feeding 
produced no additional effect in prolonging virus retention. 


Another objection to the idea of virus multiplication in the vec- 
tor is, that although the length of feeding time on the diseased 
plant may determine to some degree how long the virus is retained 
by the vector, it has little effect on the duration of the incubation 
period itself. This may be as long in a vector which fed for several 
hours or days on a diseased plant as it is for the same species when 
fed but a fraction of this time on inoculum. If the latent period is 
primarily one during which the virus must multiply to an infective 
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level in the insect, there should be a direct relation between the 
initial quantity of the virus ingested by the insect and the duration 
of the latent period. However, such a relationship does not exist. 
Even Black’s experiments involving high dilutions of virus, which 
were considered to be evidence of multiplication in the vector, show 
that the incubation period in leafhoppers inoculated with the juice 
from viruliferous insects was as long in those inoculated with un- 
diluted juice as it was in those inoculated with dilutions of 10-1 
and 10-2. 

Another aspect of the problem which has not been considered 
is that if the incubation period of persistent viruses is due to multi- 
plication of the virus, the minimum infective dose of such viruses 
must be many times that which is effective in the case of non- 
persistent viruses. As discussed previously, many of the latter 
viruses are transmitted most readily if the vector is permitted only 
a short feeding period of 2 minutes on the diseased plant and is 
then transferred immediately to the test plant. In contrast to this, 
even though vectors of persistent viruses are permitted to feed for 
several hours or. days on the virus source, during which time the 
amount of virus ingested must be considerable, they are neverthe- 
less incapable of infecting a healthy plant until the usual incubation 
period has been run. 

Furthermore, the fact that infective individual vectors of per- 
sistent viruses frequently do not infect all of the plants they feed on 
but fluctuate irregularly in their transmitting ability, suggests that 
factors other than virus multiplication must also be involved. 

Storey (222) cited a circumstance regarding the multiplication 
hypothesis which is of interest. When the virus of maize streak 
was introduced directly into the body of Cicadulina mbila, this 
leafhopper became infective, but within 1 to 3 weeks thereafter it 
again became non-viruliferous. In contrast to this, leafhoppers 
which were permitted to feed for only 15 seconds on a diseased 
plant retained the virus for 9 weeks. The reason for this is not 
understood, but it does show that the virus is more effective if taken 
in by mouth than by inoculation into the body cavity. Storey also 
suggested that entry by the intestinal route may be a necessary 
condition of multiplication if such multiplication occurs. 

Relation of Persistent Viruses to the Plant 

Bennett (12) has pointed out that several viruses of the type 
referred to here as persistent, are rather closely restricted to the 
phloem. However, others such as maize streak and spotted wilt 
occur in both phloem and parenchyma. Most persistent viruses 
have also been found to be transmitted by insects which ordinarily 
feed in the phloem. Dykstra and Whitaker (55) correlated trans- 
mitting efficiency in aphid vectors with the tissues in which they 
fed. Those feeding habitually in the phloem were found to be 
efficient vectors of potato leaf roll. 
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Studies by Fife and Framptom (66) revealed the manner in 
which one insect, Eutettix tenellus, is guided to the phloem in which 
it must feed in order to acquire or transmit the virus of sugar beet 
curly top. The saliva of the leafhopper was found to be alkaline 
in reaction. The reaction of the parenchyma tissue of the sugar 
beet leaf petiole is acid, but there is a pH gradient toward the 
alkaline side as the phloem is approached. This gradient increases 
sharply in the cells of the bundle sheath and in the adjacent 
parenchyma cells. It reaches its highest point in the phloem where 
the pH is approximately the same as that of the leafhopper’s 
saliva. It was inferred, therefore, that the acid reaction of the 
outer parenchyma is distasteful to the leafhopper and that the latter 
is guided to the alkaline phloem by the pH gradient described. This 
idea was supported by the feeding response of the leafhoppers on 
plants treated with a high concentration of carbon dioxide. This 
treatment upset the pH gradient in the petiole of the sugar beet 
with the result that the phloem was temporarily made more acid 
than some of the parenchyma. When Eutettix fed on plants of this 
type they reached the phloem in only 12 per cent of the trials, 
whereas in normal plants 56 per cent of the feeding trials terminated 
in the phloem. 


The feeding habits of the sugar cane leafhopper, Perkinsiella 
saccharicida, and its role in transmitting Fiji disease of sugar cane 
present an unusual situation which is not yet fully understood. 
North and Barber (158) in 1935 reported that the nymphs of this 
insect usually feed in the phloem whereas the adults appear to be 
indifferent to the vascular bundles and feed in the mesophyll. 
Nymphs can easily be shown to acquire the virus but apparently 
adults do not. It is possible that the difference in feeding habits is 
responsible for the inability of the adults to obtain the virus. How- 
ever, if this is true it will be -a case in which the virus can be 
acquired by the vector only from the phloem but can be introduced 
into a healthy plant through the mesophyll as well as the phloem. 
This must follow because adult leafhoppers can transmit the virus 
provided they acquired it during their nymphal stage. 

The fact that viruses of the persistent type are usually, but not 
always, restricted to the phloem or occur in the phloem in the 
greatest concentration, provides an explanation why such viruses 
are seldom found to be sap-transmissible. The insect vectors are 
equipped to introduce the virus into the phloem cells without caus- 
ing the death of these or of the surrounding cells. However, the 
relatively crude methods of mechanically inoculating viruses which 
have been developed thus far make it exceedingly difficult to reach 
the phloem cells without causing severe disruption of the tissues 
penetrated. As a result, the virus fails to establish itself except 
in rare instances. 
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It is of interest in this connection that Storey (222) and Black 
(17) have been able to inoculate successfully the viruses of maize 
streak and aster yellows into their respective insect vectors by 
mechanical means, but that the same viruses cannot be transmitted 
from plant to plant mechanically. In the case of maize streak, the 
virus can be transferred mechanically to the vector from infective 
plant juice and also from the body juice and freshly expelled feces 
of viruliferous leafhoppers (222). 


Some factors affecting virus transmission by insects. 


One of the most intriguing problems relating to virus transmis- 
sion by insects, concerns the factors which determine which insect 
species may serve as vectors and under what particular conditions. 
The problem is a complex one involving the relationships of the 
insect to both the virus and the plant and also the relationships of 
the virus to the plant. A few of the possible factors will be con- 
sidered briefly. 


1. Non-vector species of insects may be able to acquire a virus 
and retain it for extended periods of time but lack the ability to 
infect healthy plants. Bennett and Wallace (14) demonstrated the 
presence of curly top virus in non-vector species of aphids, leaf- 
hoppers, thrips and mites. When transferred to healthy plants the 
virus was retained by Myzus persicae for 14 days and by Acera- 
tagallia californica (Bak.) for 21 days, yet they were unable to 
effect transmission. The authors concluded: “Since the virus re- 
tained its activity for several days in the bodies of the two species of 
insects named above and since both fed in the phloem, their in- 
ability to cause infection was not due to lack of active virus or to 
the tissue on which they fed, but evidently resulted from the 
presence of an effective barrier to virus passage in some part of 
the insect.” 


Such a barrier has been demonstrated by Storey (222) to occur 
in a genetic strain of Cicadulina mbila, the vector of maize streak 
virus. By selective breeding, Storey was able to produce a pure 
stock of leafhoppers all of the members of which could transmit the 
virus. Within the same species he bred another pure stock in which 
none of the insects could normally serve as vectors. The first stock 
was called the “active” race and the second the “inactive” race. 
When these pure races were crossed it was found that “activity” 
was dominant and was transmitted as a simple Mendelian character. 
The most significant contribution which emerged from this work 
was the knowledge that the barrier to activity in this species oc- 
curred in the intestinal wall of the leafhopper. Inactive individuals 
could be made active vectors if, after they had fed on a diseased 
plant, the stomach wall of the insects was punctured with a fine 
needle to permit some of the infective plant juice to enter the blood 
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in the body cavity. The same result could be obtained by injecting 
infective plant juice or extracts from infective insects directly into 
the body cavity of inactive individuals. 

2. Insects may be capable of acquiring the virus during only one 
of the life stages. This is true of thrips and apparently is also true 
of Perkinsiella saccharicida in transmitting spotted wilt and Fiji 
diseases respectively. In both instances the virus apparently must 
be acquired before the adult stage is reached. However, infective 
nymphs develop into adults capable of transmitting the virus. The 
reason for this is not understood. It is possible that a change takes 
place in the permeability of the intestinal wall which prevents pas- 
sage of the virus in adults. This possibility might be tested by 
applying the same technique Storey (222) used in making vectors 
of “inactive” Cicadulina mbila. In the case of the sugar cane leaf- 
hopper the reason may also be found in the different feeding habits 
of the nymphs and adults as discussed earlier. 


3, The insect vector may be able to acquire the virus from one 
host plant but not from a related species which also carries the 
virus. This has been demonstrated to be the case in aphid trans- 
mission of tobacco mosaic virus from tomato but not from tobacco. 
The same species of aphids may however transmit other viruses to 
and from tobacco. Black (16) and others have proved that the 
juices of several insect vectors inhibit the infectivity of tobacco 
mosaic and several other viruses. As yet, however, it has not been 
demonstrated that failure of insects to transmit viruses is due to 
virus inactivation by the living insects, although the work of Wat- 
son and Roberts discussed earlier is very suggestive in this regard. 

4. Another question which bears on the role of insects in trans- 
mitting virus diseases pertains to the manner in which an infective 
quantity of virus is introduced into the plant. It is common knowl- 
edge that many viruses can be transmitted at will by the use of a 
large number of vectors whereas tests involving individual insects 
often result in no transmission or in but a small percentage of 
positive cases. 

Carsner and Lackey (33) and Severin (204) have advocated 
the “mass action” hypothesis. According to this idea, the increased 
percentage of transmission provided by groups of insects over 
individuals is partially due to the combined effect of several small, 
sub-infective doses of virus, any one of which alone would not have 
been sufficient to cause the disease. In contrast to this idea, Storey 
(222) and others hold that ‘‘a group will succeed if at least one of 
its members would have succeeded alone; if none would have suc- 
ceeded alone, then the group will not succeed.” 

The same viruses and vectors were not used in arriving at these 
diametrically opposed hypotheses. The process by which several 
individually sub-infective virus injections attain infective concen- 
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tration in a plant has not yet been adequately explained. More work 
needs to be done on the subject. However, in passing, a report from 
Queensland is of particular interest in this regard despite the fact 
that experimental evidence from which the conclusions were drawn 
is not cited. The report of the director of the sugar experiment 
stations of Queensland for 1938 (194) contained a discussion of 
the susceptibility of certain cane varieties to Fiji disease. These 
varieties contain a certain amount of wild cane ancestry in their 
stock which provides desirable plant vigor and resistance to mosaic 
but confers high susceptibility to Fiji disease. The nature of the 
susceptibility is of unusual interest. “Whereas a stool of a resistant 
variety may require to be fed upon by say eight or ten infective 
insects [Perkinsiella saccharicida| before it will contract the disease, 
susceptible varieties may require only one insect per stool. When 
these insects are blown out of a diseased field by a high wind it is 
obvious that many stools will receive one hopper whereas very few 
would receive, say, five or six. Herein lies the danger of a sus- 
ceptible variety in that it can become diseased when fed upon by 
a single infective insect.” 

If susceptibility and resistance of this type exists, it is strong 
evidence that the infective dose necessary to cause the disease varies 
with the variety of cane. Furthermore, the “mass action” hypo- 
thesis is necessary to account for infection by 5 to 10 leafhoppers 
on plants which fail to become infected when fed upon by but a 
single viruliferous leafhopper. 

5. Two distinct viruses occurring together in a plant may be 
transmitted by a vector which is incapable of acquiring one of the 
component viruses when such occurs alone in a plant. Smith (216), 
during the past year, has reported that the rosette disease of tobacco 
is due to a complex consisting of two distinct viruses: vein- 
distorting virus and mottle virus. The vein-distorting virus cannot 
be transmitted mechanically but is transmitted by Mysus persicae. 
The mottle virus is easily transmitted mechanically but cannot be 
transmitted by Myzus persicae unless it occurs in the same plant 
which carries the vein-distorting virus. When this condition occurs 
the complex may be transmitted by the aphid at daily intervals for 
20 days without again feeding on the virus source. Moreover, once 
the aphid has become infected with the virus complex, it may 
sometimes transmit only the mottle virus, at other times only the 
vein-distorting virus and sometimes the entire complex. 


Origin of “new” virus diseases. 


New virus diseases are being described each year in various parts 
of the world. Of interest to us here in Hawaii is the fact that less 
than a year ago a previously undescribed virus disease of papaya 
was discovered at Kailua, Oahu. This disease shows evidence of 
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becoming a serious threat to the papaya industry here if it continues 
to spread at its present rate. Whenever such a new virus appears 
on a commercial crop plant the question arises as to where it came 
from or how it originated. There are several possible answers but 
in the case of most new viruses the correct answer usually cannot 
be determined. Among the possible answers are the following: 


1. The virus disease may have been introduced from some other 
part of the world where it had not been observed previously. 


2. The virus may have been produced as a new disease for the 
first time in the host plant in which it is found. How this might 
take place has not been demonstrated. However, Johnson (104) 
in 1942 reported negative results from experiments he con- 
ducted to test a “viroplasm hypothesis.” This postulates that 
extracts from healthy plants when inoculated into other healthy 
plants may result in some part of the protoplasm of the inoculum 
finding conditions compatible for growth and bring about an 
abnormality known as a virus disease in the host species. 


The new virus may be a “mutant” strain of a virus already in 
existence, in which case the mutation may have altered the 
nature of the virus in relation to the host plant range, the insect 
vector or both. As evidence for this possibility, Jensen (102) 
published experimental results which he interpreted as evidence 
that yellow-mosaic viruses arise suddenly in plants infected with 
tobacco mosaic virus by some process similar to that of muta- 
tion. 


The “new” virus may have existed previously in a different 
host plant, in which it may or may not have produced symptoms. 
It may have been confined to the original host or hosts for 
indefinite periods of time because, (a) a suitable vector was not 
previously available to transmit the virus out of the original 
host, or (b) though a vector was present which could transmit 
the virus among some hosts, no vector was previously present 
which was capable of disseminating the virus to susceptible 
hosts of economic importance. 


Carter (36) has demonstrated that the operation of the situation 
described last is responsible for the freedom of pineapple from at 
least one virus to which it is definitely susceptible. This virus causes 
the common mosaic in Commelina diffusa (= nudiflora of Ha- 
waiian authors”). He (36) showed that this virus is transmissible 
to young, tender pineapple plants by means of Aphis gossypii 
Glover, Myzus persicae and Macrosiphum solanifolii. Symptoms in 
pineapple closely resemble those produced by the yellow spot virus. 
Previous to Carter’s work, pineapple had not been recorded as a 


2 The corrected identification of this common species of Commelina in Hawaii was provided 
by Dr. H. St. John of the University of Hawaii. 
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host for aphids. He found that the three species named would 
reproduce on very young seedlings but apparently are incapable of 
feeding satisfactorily on older pineapple plants. For this reason 
the virus is not likely to spread in the field. As pointed out by 
Carter, this demonstrates “that a plant may be highly susceptible 
to a virus but so unfavorable a host for a specific vector that natural 
infection is rare.” It is probable that other viruses are also capable 
of causing serious injury to pineapple but lack vectors which can 
transmit them to this plant. 


The only other insect-transmitted virus of pineapple is yellow 
spot, transmitted by Thrips tabaci (125). When yellow spot first 
appeared as a pineapple disease it was expected to be a major 
problem. However, as will be discussed more fully later, the disease 
is of minor importance because pineapple is not a preferred host 
of the vector. 

Bennett (13) in 1944 reported a virus which needs only a suit- 
able vector to make it a serious economic disease. This virus, named 
dodder latent mosaic (Marmor secretum), is symptomless and, 
until recently, was undetected in dodder, its normal host. It has 
now been shown by Bennett to induce a severe disease on canta- 
loupe, and a less severe disease on sugar beet, potato, celery, tomato 
and some other plants. The virus occurs naturally in dodder, 
Cuscuta californica Choisy, which grows on a desert shrub, Eriogo- 
num fasiculatum Benth, in southern California. No symptoms are 
observable on dodder, but as this plant attaches itself to the crop 
plants listed, the virus is transmitted. It has been found to be juice 
transmissible, and, to a slight extent, is transmitted through the seed 
of Cuscuta campestris, one of three species of dodder which were 
shown to transmit it. No insect vector is known, but Bennett points 
out that with the introduction of an efficient vector, this virus 
might easily cause a serious disease on several cultivated plants. 


PART II. INSECT SPECIES OCCURRING IN HAWAII KNOWN 
TO TRANSMIT PLANT VIRUSES, WITH A LIST OF 
VIRUSES TRANSMITTED BY EACH 


Insect species occurring in Hawaii and which have been reported 
to transmit plant viruses in some part of the world are listed in 
table 1. Opposite the species names are given the number of dif- 
ferent viruses or distinct. virus strains which have been reported 
transmitted by the respective species. In table 2, the names of the 
different viruses transmitted by each species are given with ref- 
erences to the literature on which each entry was based. Future 
research will undoubtedly show some of these viruses and strains 
to be synonyms. 
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Table 1. Insect species occurring in Hawaii, known to transmit 
plant viruses, and the number of virus diseases 
transmitted by each. 


Species Virus Diseases Transmitted 


Aphis citricidus (Kirk.) 
Aphis ferruginea-striata. Essig 
Aphis gossypii Glover 
Aphis maidis Fitch 
Aphis medicaginis Koch 
Aphis middletonii Thomas 
AMER CMA SEN, ie 13 
Brevicoryne brassicae (Linn.) 
Cavariella aegopodii (Scopoli)* 

. Macrosiphum rosae (Linn.) 

. Macrosiphum solanifolii (Ashmead ) 

. Mysus circumflexus (Buckton) 

. Myzus convolvuli (Kalt.)* 

. Myzus persicae (Sulzer) 

. Pentalonia nigronerv0sd Cog, ...:..-0:--c:c--c-es-cseseessecocensasteceonsee 

. Rhopalosiphum pseudobrassicae (Davis) 

Toxoptera aurantii (B. de-Fonsc.) 
. Peregrinus maidis (Ashmead) 
. Perkinstella saccharictda Kirk, ..............c.c-ojcscsssoss-cececsceseeees 
. Dracculacephala minerva Ball 

-*Orthezia RIDE POOR a ee ee 
22. *Pseudococcus citri (Risso) 
23. *Pseudococcus maritimus (Ehrhorn) t 
24. Thrips tabaci Lind. ............ Beedee ev Sut hace ga Noe oe 
25. Pieris rapae (Linn.) 


PRPNAMWPONS 


3 This aphid has been listed in most literature as Cavariella capreae (Fab.). 
4If M. pseudosolani (Theob.) is a synonym of M. convolvuli (see footnote **, p. 555), 
this species is reported to transmit 11 different virus diseases. 


* Virus transmission has been recorded in the literature, however, in the light of more recent 
work it is doubtful if these species actually are ape of serving as virus vectors. 


Table 2. Insect vectors occuring in Hawaii with a list of viruses 
transmitted by each species. The virus strains listed are based 
primarily on the classification proposed by Holmes (96). 


Virus References 


Aphis citricidus (Kirk.) 
Pea mosaic virus 


Aphis ferruginea-striata Essig 
. Celery calico virus 
. Celery mosaic virus, western 
. Celery crinkle-leaf mosaic virus 
(strain of western celery mosaic virus) 
Poison-hemlock ringspot virus 
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Virus References 





Aphis gossypii Glover 
Abaca mosaic virus 
Bean mosaic virus 
Cauliflower mosaic virus 
Celery calico virus 
Celery mosaic virus, western 
Cowpea mosaic virus 
Cucumber mosaic virus, typical strain 
Cucumber mosaic virus, lily mosaic strain 
Cucumber mosaic virus, lima bean mosaic strain 
Cucumber mosaic virus, southern celery mosaic strain 
Lily mottle and tulip break virus group 
(Marmor tulipae, amended ) 
Lily coarse mottle virus 
Tulip coarse break virus 


. Lily yellow-flat virus (= lily rosette virus) 
. Onion yellow dwarf virus 


Pea mosaic virus 


. Ornithogalum mosaic virus 
. Poison-hemlock ringspot virus 


1. 
he 
3 
4. 
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Aphis maidis Fitch 


. Cucumber mosaic virus, southern celery mosaic strain 
. Onion yellow-dwarf virus 
jE CINGULAR UN ob as is, Soccernet conan cence 22, 84, 115 


Aphis medicaginis Koch 


. Bean mosaic virus 


Aphis middletonii Thomas 
Cauliflower mosaic virus 
Celery calico virus 


. Celery mosaic virus, western 


Poison-hemlock ringspot virus 
Aphis rumicis Linn. 
Bean mosaic virus 
Broad bean mild mosaic virus 
Celery mosaic virus, western 
Lupin sore-shin virus (= pea mosaic virus) 
Narcissus mosaic virus 
Onion yellow-dwarf virus 
Pea mosaic virus 
Poison-hemlock ringspot virus 
Potato leaf roll virus 


. Soybean mosaic virus 
. Spinach yellows virus 


. Sugar beet mosaic virus 


Sugar beet yellows virus (= Beta virus - 


3. White clover mosaic virus .................0-0...-.- 


Brevicoryne brassicae (Linn, ) 
Bean mosaic virus 


. Cabbage mosaic virus 
3. Cauliflower mosaic virus 
. Crucifer black ring virus 


(Probably the same as cabbage ring necrosis virus of 
Bawden 9 
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Virus References 


Crucifer mosaic virus (= Brassica virus 4) 
(may be turnip mosaic virus) 

Onion yellow-dwarf virus 

Stock mosaic virus (mild and severe strains) 

Turnip mosaic virus 


Cavariella aegopodii (Scopoli) 
Carrot virus 
Cauliflower mosaic virus 
Celery mosaic virus, western 
Pea mosaic virus 


Macrosiphum rosae (Linn.) 
Celery mosaic virus, western 
Narcissus mosaic virus 
Onion yellow-dwarf virus 
Pea mosaic virus 


Macrosiphum solanifolii (Ashmead) 

Bean mosaic virus (common) 63, 153, 186, 250 
Bean mosaic virus (yellow) (= Phaseolus virus 2) 
Commelina diffusa mosaic virus 
Cowpea mosaic virus 
Cucumber mosaic virus, typical strain 
Cucumber mosaic virus, southern celery mosaic strain 
Cucumber mosaic virus, potato veinbanding strain 

(= potato virus “Y” = Solanum virus 2) 
Hyoscyamus virus III 
Iris mosaic virus (probably the same as iris stripe, 9) 
Lily latent virus 
Lily coarse mottle virus (part of Marmor tulipae Holmes, 

amended) 
Narcissus mosaic virus 
Ornithogalum mosaic virus 


. Passion fruit woodiness disease virus 
. Pea mosaic virus 

. Pea enation mosaic virus 

. Pepper mosaic virus of Puerto Rico 

. Potato mild mosaic virus (virus “A”) 


Potato “bigarrure” virus 


. Potato calico virus 

. Potato leaf roll virus 

. Potato crinkle mosaic virus 

. Potato spindle tuber virus, typical strain 

. Potato spindle tuber virus, unmottled curly dwarf strain 


Potato rugose mosaic (See No. 7 for insect-transmitted 
vein banding component of this virus complex) 


. Primula obconica virus 

. Soybean mosaic virus 

. Sugar beet mosaic virus 

. Tobacco etch virus, severe strain 


. Tobacco mosaic virus from tomato 


. Tulip breaking viruses (color adding and color removing strains ; 


part of Marmor tulipae, Holmes amended) 26, 28, 140, 141 





Virus References 


Myzus circumflexus (Buckton) 
Cauliflower mosaic virus 
Celery calico virus 
Celery mosaic virus, western 
Celery crinkle-leaf mosaic virus (strain of western celery 
ON ct a a allied 
Cucumber mosaic virus, typical strain 5 
Hyoscyamus virus III 
Ornithogalum mosaic virus 
Poison-hemlock ringspot virus 
Potato mild mosaic virus (virus “A”’) 
Potato veinbanding virus (= potato virus “Y”) 
Potato crinkle mosaic virus 
Potato leaf roll virus 
Soybean mosaic virus 
. Tobacco etch virus, severe strain 
. Tobacco mosaic virus, typical strain 
. Tulip breaking virus 


WPM PHN rs 


Myzus convolvuli (Kaltenbach)** 

. Celery calico virus 
+ GOEY RIOSRIG Viera, Western 5506 ee 206 

Celery crinkle-leaf mosaic virus (strain of western celery 

mosaic) 

.*Freesia mosaic virus 

Narcissus mosaic virus ... 

Poison-hemlock ringspot virus 


M. pseudosolani (Theob.) ** 
Cucumber mosaic virus, typical strain 
Potato leaf roll virus 
Soybean mosaic virus 
. Tobacco mosaic virus 
. Tomato narrow leaf virus 


Myzus persicae (Sulzer) 


Allium neapolitanum mosaic virus 

Bean mosaic virus 

Cabbage mosaic virus 

Cabbage ringspot virus (Brassica virus 1) .... 

Cabbage ring necrosis virus 

Carnation streak virus 

Cauliflower mosaic virus .... 

Celery calico virus 

Celery mosaic virus, western 

Celery crinkle-leaf mosaic virus (strain of western celery 
mosaic virus) 

Cowpea mosaic virus 

. Crucifer black ring virus (may be a synonym of ring 

PURCECOUISGICID ND so as ice a See i ~ aon 


SORNAW WN 


** Since according to Essig (60), M. pseudosolani (Theob.) is probably a synonym of 
convolouli, the viruses transmitted by aphids under these names are listed under convolvuli 
but identified with the aphid names which appear in the literature. Essig (60) also indicates 
that M. convolvuli and M. pseudosolani may be synonyms of M. solani (Kalt.). 


* Transmission doubtful or in need of confirmation. 
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. Cucumber mosaic virus, typical strain 88, 89, 90, 96, 237 
. Cucumber mosaic virus, southern celery mosaic strain 6 
. Cucumber mosaic virus, potato veinbanding strain 


(= potato virus “Y”) 


. Cucumber mosaic virus, lima bean mosaic strain 
. Dahlia mosaic virus 


*Datura virus 1 


. Garlic mosaic virus 

. Hyoscyamus virus III 

. Henbane (Hyoscyamus niger 1.) virus 

. Iris mosaic virus (probably iris stripe virus of Bawden, 9) 

. Lettuce mosaic virus 

. Lily mottle virus group (part of Marmor tulipae, amended) 


25. 


26. 
27. 


_ Lily coarse mottle virus 
Lily virulent coarse mottle virus 
Lily latent mosaic virus 
Lupin mosaic virus 
Lupin sore-shin virus (= pea mosaic virus) 
Onion yellow-dwarf virus 
Ornithogalum mosaic virus 


27a. Papaya ringspot virus (page 577) 


28. 
29. 
30. 


Passion fruit woodiness disease virus 
Pea enation mosaic virus 
Pea mosaic virus 


30a. Peach mosaic virus*** 


31. 
32. 


33. 
34. 
35. 
36. 
37. 


Pepper mosaic virus of Puerto Rico 
Poison-hemlock ringspot virus 
*Potato aucuba mosaic virus [probably] 
RRS PRO TUND REINS oan coups ncn vocsiscvaepaczap tees tacebocsyscissndeabes 
Potato mild mosaic virus (= potato virus “A”) 
Potato crinkle mosaic virus 
Potato tuber blotch virus (= potato virus “F” = Solanum 
virus 8) 
Potato rugose mosaic virus (See No. 15 for insect-transmitted 
vein banding component) 
Potato leaf rolling mosaic virus : 57 
15 


: Potato leaf roll virus 


Potato spindle tuber virus, typical strain 96 
Potato spindle tuber virus, unmottled curly-dwarf strain ............ 9, 96 


. Rape mosaic virus (may be turnip mosaic virus) 


Soybean mosaic virus 

Sugar beet mosaic virus 

Sugar beet yellows virus 

Stock mosaic virus (mild and severe strains) 


~ Doharcd moskie: virus, typical straity <i... 62.2 ce. boss skola: 93, 96 
. Tobacco etch virus (mild and severe strains) 
. Tobacco rosette virus complex 


Vein-distorting virus 
Mottle virus (only when combined with vein-distorting 
virus ) 


. Tulip breaking viruses 1 and 2 (color removing and color adding 


viruses, part of Marmor tulipae, amended) 26, 28, 140, 141 
2 


. Turnip mosaic virus 


* Transmission doubtful or in need of confirmation. 
*** Daniels, L. B. 1945. The peach mosaic disease. Science 101:87-88. 
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Pentalonia nigronervosa Coquerel 
. Abaca bunchy top virus 
. Banana bunchy top virus 
. *Banana mosaic virus [probably] 
.*Cucumber mosaic virus, southern celery mosaic strain 


Rhopalosiphum pseudobrassicae (Davis) 
. Bean mosaic virus 
. Cauliflower mosaic virus 
. Celery mosaic virus, western 
. Onion yellow-dwarf virus 
. Pea mosaic virus 
. Stock mosaic virus (mild and severe strains) 


Toxoptera aurantii (Boyer de Fonscolombe) 
. Citrus “little leaf” virus 
. Lemon ribbing virus 


Peregrinus maidis (Ashmead) 
. Corn mosaic virus 
. Corn stripe virus (may be corn mosaic virus) 


Perkinsiella saccharicida Kirkaldy 
. Sugar cane Fiji disease virus 


Draeculacephala minerva Ball 
. Pierce’s vine disease virus 


Pseudococcus citri (Risso) 
. WT aired: Te WER Se a ete he 164 


Pseudococcus maritimus (Ehrhorn) 
.*Bean mosaic virus [doubtful] 


Orthezia insignis [Listed as insignia] Douglas 
.*Ephiphyllum truncatum virus [doubtful] 


Thrips tabaci Lind. 

. Spotted wilt virus causing : 

a. Tomato spotted wilt 

b. Pineapple yellow spot 

c. Pea streak 

d. Cineraria streak 

e. Tomato tip blight 
.*Tomato mosaic virus [doubtful] 


Pieris rapae (Linn.) 
. Cabbage mosaic virus 


* Transmission doubtful or in need of confirmation. 
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PART III. PLANT VIRUS DISEASES KNOWN OR REPORTED 
TO OCCUR IN HAWAII WITH SPECIAL REFERENCE 
TO THEIR TRANSMISSION BY INSECTS 


A list is presented of virus diseases which have been reported in 
the literature to occur in Hawaii. With a few exceptions no research 
work has been done in Hawaii on these viruses. Therefore experi- 
mental evidence is still lacking that the majority of the viruses re- 
ported from Hawaii are identical with viruses known by the same 
names in other parts of the world. Most of the work reviewed in 
this paper, on insect transmission of the diseases listed, was carried 
out in other regions. However, the majority of insect species re- 
corded as vectors of these diseases occur in Hawaii. Furthermore, 
most of the diseases reported from Hawaii will probably prove to 
be identical with or related to diseases known by the same names in 
other areas. Knowledge regarding the identity of the vectors and 
of the factors which influence insect transmission of the diseases in 
question is therefore of fundamental importance to future studies 
undertaken in Hawaii. 


PLANT Virus DISEASES KNOWN OR REPORTED TO OCCUR 
IN Hawalt 


(Only those diseases indicated by an asterisk have been trans- 


mitted experimentally in Hawaii. ) 


Name Name 


Bamboo mosaic . Potato leaf roll 

Banana mosaic . Potato lea#f rolling mosaic.. 598 
Bean mosaic . Potato mild mosaic 

Canna mosdic . Potato mottle 

.*Commelina mosaic . Potato rugose mosaic 

. *Corn mosaic . Potato veinbanding disease 598 
Crotalaria mosaic . Spinach blight 

. Crucifer mosaic . Soybean mosiac 

. Cucumber mosaic . *Sugar cane chlorotic streak 565 
. Dianella odorata Bl. mosaic 601 .*Sugar cane mosaic 

. Eggplant mosaic . Tobacco mosaic 

. Hippeastrum mosaic . Tomato aucuba (yellow) 

. Lettuce mosaic mosaic 

. Lily mosaic . Tomato fern leaf 

.*Papaya mosaic . Tomato mosaic 

. *Papaya ringspot . Tomato mottle mosaic 

. Pea mosaic . Tomato spot necrosis 

. Peanut mosaic .*Tomato spotted wilt 

. Peanut rosette . Tomato tip blight 

. Pepper mosaic . Tomato streak 

.*Pineapple yellow spot . Tomato vienbanding disease 591 
. Potato crinkle mosaic 


SPNAVAwne 





Corn Mosaic 


The virus disease known as maize mosaic or corn mosaic is very 
destructive to corn in Hawaii. If several crops are grown in close 
succession, as is frequently the case in Hawaii, the disease incidence 
becomes very high, sometimes involving over 50 per cent of the 
plants. This results from the development of a high population of 
infective leafhoppers many of which move to the new corn plantings. 


Much of the pertinent work which has been done on the relation 
of insects to this disease has been carried out in Hawaii. However, 
both the disease and the relation of the vector, Peregrinus maidis, 
to the disease need further careful investigation. 

The first published description of corn mosaic was that of Weston 
(245) in 1917. However, Kunkel (114) in 1921 stated that the 
presence of the disease and its destructive nature in Hawaii were 
recognized by Dr. H. L. Lyon as early as 1914. During the first 
ten years after corn mosaic was reported in the literature, the 
opinion prevailed generally that, because of the similarity of the 
symptoms, this disease would probably prove to be due to the same 
virus that caused sugar cane mosaic. The fact that sugar cane mo- 
saic is transmissible to and from corn by means of Aphis maidis, 
was a complicating factor in clarifying the identity of the disease 
and its vector. 

Under the name of corn mosaic, Brandes (23) in 1920, discussed 
a virus disease which occurred in sorghum and corn in Puerto Rico 
and the southern United States. He described the disease and re- 
ported experiments in which Aphis maidis transmitted it from 
mosaic sorghum to healthy corn and from infected corn to healthy 
corn. It is now obvious that he was dealing with sugar cane mosaic 
virus and not that of true corn mosaic. 

Kunkel (115) in 1922 reported insect transmission of sugar cane 
mosaic and corn mosaic under the heading “Insect transmission of 
yellow stripe disease.” He was the first to report transmission of 
corn mosaic by the corn leafhopper, Peregrinus maidis. His experi- 
ments indicated that the virus could be transmitted from corn to 
corn by Peregrinus maidis but could not be transmitted from corn 
to cane. Furthermore, he reported that the corn leafhopper failed 
to transmit the cane disease from cane to cane. The stripe disease 
in cane and mosaic of corn were at that time thought to be due to the 
same virus. It was not until 1927 that reports were published sug- 
gesting the distinct identity of the viruses, one of which caused 
mosaic or stripe symptoms in sugar cane, corn and other plants 
(and is transmitted by Aphis maidis) and the other (transmitted by 
Peregrinus maidis) which caused symptoms in corn but does not 
infect cane. 

Kunkel (118) in 1927 reported that the corn leafhopper, Pere- 
grinus maidis, occurring in North Carolina was unable to transmit 
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the virus of sugar cane mosaic of the United States to corn. He con- 
cluded, “this suggests that the destructive mosaic of corn prevalent 
in Hawaii is distinct from sugar cane mosaic and from the mosaic 
of corn occurring in Louisiana and other Southern States.” 

In the same year, Stahl (217) described a stripe disease of corn 
in Cuba and stated it was not identical with sugar cane mosaic. It 
was transmitted by Peregrinus maidis. 


In 1928 Hadden (84), working on insect transmission of sugar 
cane mosaic in Hawaii reported: “Two insects have transmitted 
the disease: the corn aphis from various grasses to cane and other 
grasses; and the corn leafhopper, Peregrinus maidis, from corn to 
corn and in one case from corn to Striped Tip cane.” Hadden con- 
sidered it probable that the single case of disease transmission from 
corn to cane by Peregrinus maidis was an accident. Stahl’s conclu- 
sion that corn mosaic and sugar cane mosaic were distinct was cited 
by Hadden who concluded: “Corn aphis may transmit one kind of 
mosaic. Corn leafhoppers may transmit a different kind of mosaic. 
Or both of these insects may transmit more than one kind of 
mosaic.” 


The identity and relationships of the corn viruses reported from 
different parts of the world have not been adequately established 
despite the fact that they have Peregrinus maidis as a common vec- 
tor. Holmes (96) calls them all maize mosaic virus (Marmor 
zeae). However, Bawden (9) in 1943 listed corn mosaic and maize 
stripe as separate diseases. 


The corn mosaic or corn stripe disease reported from parts of the 
world other than Hawaii may be summarized as follows: 

1. Cuba. Stahl (217) in 1927 reported transmission of corn 
stripe disease by means of Peregrinus maidis but not by Aphis 
maidis. 

2. Trinidad, B.W.I. Briton-Jones (30) in 1933 reported a severe 
stripe disease of corn in Trinidad. He considered this to be distinct 
from corn mosaic reported from Hawaii and other parts of the 
world except that reported by Stahl from Cuba. Later the same 
year Baker (7) transmitted this disease at Trinidad from maize to 
great millet by means of Peregrinus maidis. Briton-Jones (30) 
stated that the width of the stripes produced on diseased plants was 
dependent largely on the number of Peregrinus maidis which fed 
on the affected plants. “Those heavily infested with the insect de- 
velop broader stripes than those lightly attacked.” This observation 
has not been reported by any other writer. Furthermore, the vector 
experiments reported in Briton-Jones’ paper were inconclusive. 
The fertility and condition of the soil seemed to have more effect 
on symptom production in the plants than did the Peregrinus maidis 
which were caged on them, although some transmission by insects 
apparently occurred. The observation was also made by this author 
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that “Peregrinus maidis is very common on young maize until the 
tassel is produced when the insect leaves the plant.” In Hawaii such 
a migration from the plant has not been observed, and the corn leaf- 
hopper may be found in large numbers on corn plants until after the 
mature plants are beginning to dry up. 

3. Puerto Rico. White stripe disease of corn in Puerto Rico was 
described by Cook® in 1936 to correspond with the symptoms re- 
ported from Cuba and Trinidad. 

4. East Africa. Storey (221) in 1932 reported the presence of 
a maize disease closely resembling maize streak. However, it was 
found to be transmitted by Peregrinus maidis and not by Cicadulina 
mbila, the vector of maize streak. He suggested the possibility that 
it might be identical with the stripe disease of Cuba. 

Although transmission of one or more corn viruses by means of 
Peregrinus maidis has been reported by Kunkel (115) and Hadden 
(84) in Hawaii, Stahl (217) in Cuba, Baker (7) in Trinidad, and 
Storey (221) in Africa, no data on the incubation period of the 
virus and its retention in the insect were published until Carter’s 
paper (39) appeared in 1941. His experiments demonstrated that 
the incubation period of the corn mosaic virus in Peregrinus maidis 
normally varies from 11 to 29 days. However, in some instances 
much shorter incubation periods occurred. Some were estimated 
as low as four days. In all cases this short incubation period oc- 
curred in insects which were genetically closely related. Carter 
cited the report by Storey (222), that the ability of Cicadulina 
mbila to transmit maize streak is controlled by genetic factors and 
suggested that the short incubation periods in P. maidis in a few 
genetically related individuals “may also be due to genetically con- 
trolled factors affecting permeability of the insect’s tissues. If such 
a relationship could be conclusively proved, it would surely estab- 
lish incubation period as a function of the physiology of the vector 
rather than of the virus.” This is a direction in which important 
fundamental work could be done on a basic problem which is still 
unsolved. 

Carter kept some leafhoppers on a diet of 2 per cent sucrose solu- 
tion for seven days during part of the incubation period of the virus 
in the leafhopper. In these individuals the minimum incubation 
period was 13 days, thus demonstrating that the normal insect diet 
of juice from living plants is not essential for normal incubation of 
the virus in the vector. 

Carter’s work demonstrated that P. maidis can acquire the virus 
as nymphs or adults. The percentage of individuals which acquired 
and transmitted the virus in several different test groups varied 
from 9 to 57 per cent. Most individuals, but not all, which trans- 
mitted the disease, infected an unbroken series of several plants 


5 Cook, M. T. 1936. Phloem necrosis in the stripe disease of corn. Jour. Agr. Univ. 
Puerto Rico 20:685-688. 
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when transferred at 2-day intervals. Retention of the virus by the 
leafhoppers varied considerably. The maximum retention, as shown 
by transmission to a succession of healthy plants, was 48 days after 
feeding on the disease inoculum. 

There is need for more extensive research on the role of Pere- 
grinus maidis in disseminating corn mosaic. As yet it has not been 
determined how long a leafhopper must feed on a diseased plant 
before it can acquire the virus. It should also be determined whether 
the leafhopper must feed on certain portions of the leaves (such ds 
areas showing the mottle symptom) in order to acquire the virus. 
In the experiments reported by Carter, the leafhoppers acquired the 
virus from leaf tissue. It would also be of interest to know if the 
vector can obtain the virus from stem tissue as well. 


Carter (39) pointed out that some factor exists which complicates 
the acquisition of the virus by the vector and this is apparently re- 
sponsible for the low percentage of individuals which become vec- 
tors under some conditions. 

In view of the varying symptoms which have been observed on 
plants affected with corn mosaic and the fact that Wellman (242) 
transmitted southern celery mosaic virus to corn by means of Aphis 
gossypii, the possibility exists that this virus also may be found in 
corn plants diagnosed as being affected with corn mosaic virus. 
Wellman stated that corn plants so affected were stunted and in 
some other respects were remarkably similar to plants infected with 
Cuban corn stripe. 


Sugar Cane Mosaic 

Mosaic has been one of the most important diseases of sugar cane 
in the world because of its injury to the plant and because of its 
cosmopolitan distribution. The almost universal occurrence of one 
of its insect vectors, Aphis maidis, has undoubtedly been respon- 
sible in large measure for the greater economic importance of this 
disease from a world standpoint than some of the other virus dis- 
eases of cane whose vectors are more restricted in their distribution. 
Although mosaic was reported first from Java, Brandes and Matz 
(25) consider it probable that it originated in New Guinea which 
is part of the general region where sugar cane itself is believed to 
have originated. 

In Hawaii, mosaic was first noted by Lyon in 1908. It was then 
called yellow stripe disease. Although extensive research was con- 
ducted in Hawaii between 1910-1914, the results were not published 
until 1921 (127). Since that time the disease has been under inves- 
tigation in Hawaii as well as in other parts of the world. 

Brandes (22) in 1920 was the first to report transmission of 
sugar cane mosaic by means of insects. He transmitted the disease 
with Aphis maidis from mosaic sorghum to healthy cane. In the 
same year he (23) transmitted mosaic from sorghum and corn to 
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healthy corn. He reported this as mosaic disease of corn, but in 
the light of our present knowledge concerning the vectors of sugar 
cane mosaic and corn mosaic it is apparent that the virus he worked 
with was that of sugar cane mosaic. 


Before the separate identity of corn mosaic and sugar cane mosaic 
had been established, Kunkel (115) in 1922 reported experiments 
in Hawaii on the transmission of “yellow stripe disease” in which 
aphids and leafhoppers were used as the test insects and corn and 
cane as the test plants. Apparently the series of corn plants used as 
inoculum contained both cane mosaic and corn mosaic because Kun- 
kel stated “Aphis maidis transferred from mosaic corn plants to 
healthy cane plants transmitted yellow stripe disease.” And, “the 
corn leafhopper (Peregrinus maidis) transmitted corn mosaic from 
corn ‘to corn, but failed to transmit it to cane from corn or from 
cane to cane.” 

In the same report Kunkel stated that the sugar cane aphid, Aphis 
sacchari Zehnt., and the sugar cane leafhopper, Perkinsiella saccha- 
ricida, failed to transmit the virus from diseased to healthy cane. 


Hadden (84) in 1928 published the results of experiments con- 
ducted in Hawaii on the transmission of sugar cane mosaic by in- 
sects. He also reported observations on the ecology of Aphis maidis 
which was found to reproduce on 34 species of grasses. Both sugar 
cane mosaic and corn mosaic were treated in this study but they 
were spoken of as the same disease in some of the discussion. How- 
ever, Stahl’s (217) announcement, published in 1927, that corn 
stripe disease in Cuba was distinct from sugar cane mosaic was cited 
by Hadden who therefore concluded it was possible that the mosaics 
transmitted in Hawaii by Aphis maidis and by Peregrinus maidis 
might be due to distinct viruses. During the course of this investi- 
gation Aphis sacchari, Perkinsiella saccharicida, Stictocephala fes- 
tina (Say), Draeculacephala mollipes (Say)® and Tetranychus 
exsiccator Zehnt. failed repeatedly to transmit sugar cane mosaic. 

Ingram and Summers (99, 100, 101) in 1936, 1937 and 1938, 
announced the discovery of two additional aphid vectors of mosaic 
in the southern United States. These are Hysteroneura setariae 
(Thomas) and Toxoptera graminum (Rond.). The former species 
was found to be the most common aphid on cane between 1930 and 
1937 and although a much less efficient vector than Aphis maidis, it 
apparently was responsible for much of the rapid spread of mosaic 
because Aphis maidis was scarce in most areas. Toxoptera grami- 
num was not found as generally as Aphis maidis but was common 
in some fields. 

Tate and Vandenberg (226) in 1939 described experiments 
which demonstrated that the aphid Carolinaia cyperi Ainslie trans- 
mitted mosaic in Puerto Rico. Of 192 plants exposed to viruliferous 


® The species in question may have been D. minerva. See footnote, p. 471. 
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C. cyperi, 31.2 per cent became diseased. In similar experiments 
Aphis maidis infected 34.5 per cent of 200 test plants. C. cyperi was 
found to breed on nut grass, Cyperus rotundus, in and around the 
cane fields. According to St. John and Hosaka (196) this grass is 
common in some parts of Hawaii. Exploratory experiments with 
Aphis rumicis, Macrosiphum rudbeckiae (Fitch) and Aphis nerit 
B. de Fonsc. were also reported by Tate and Vandenberg. Nine 
experiments with each of the first two species were all negative, but 
a single plant out of four exposed to A. nerti developed mosaic 
symptoms. Although this cannot be considered a demonstration of 
transmission by nerii it does mark this species as one which should 
be tested more extensively. 

Costa Lima (50) in 1926 reported the belief that Thrips minuta 
var. puttemansi Costa Lima was a vector of sugar cane mosaic in 
Brazil. However, this has not been demonstrated experimentally. 

It has been well established that there are several different strains 
of sugar cane mosaic. Summers (225) reported four in Louisiana 
in 1934 and Martin (134) in 1939 stated that 10 strains or sub- 
strains are known to exist, some of which are more virulent than 
others. Cuttings with mosaic were sent from Hawaii to Washing- 
ton, D.C. where their virulence was compared with that of other 
mosaic strains. The Hawaiian strain was found relatively difficult 
to transmit and when infection did occur the symptoms were con- 
sidered mild. This is a fortunate circumstance for Hawaii. Although 
mosaic was once a serious cane disease in Hawaii, it is now consid- 
ered to cause only minor losses. This has come about through the 
development of cane varieties which are resistant to the mosaic. 
However, the danger of mosaic again becoming a serious problem 
in Hawaii is always imminent. A cane variety resistant to one strain 
of mosaic is not necessarily resistant to all of the other strains. Mr. 
Martin, of the H.S.P.A. Experiment Station, has informed the 
writer’ that the POJ-36 cane variety is highly resistant to the mo- 
saic virus strain occurring in Hawaii, but it is not resistant to the 
common mosaic strain of Louisiana. Both strains are transmitted 
by Aphis maidis. It would be easily possible for infective aphids to 
reach Hawaii alive by means of fast planes and, if allowed to escape, 
they could introduce the more virulent mosaic strain into Hawaiian 
cane fields where further dissemination could be accomplished by 
the Aphis maidis already established here. The fact that cane vari- 
eties which are resistant to some of the other mosaic strains have 
been developed, does not mitigate the danger. Such resistant vari- 
eties may not prove to be as satisfactory under Hawaiian conditions 
as are those now in use or in the process of development in Hawaii. 
Furthermore, converting large areas over to new varieties within a 
short period of time, would involve difficult problems and serious 
monetary losses. Such a sudden change might be necessary in the 


7 Personal communication. 
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event a virulent strain of the virus became established here. The 
rigid quarantine imposed in Hawaii on sugar cane cuttings of newly 
imported varieties has played a major part in preventing the intro- 
duction of new insects and diseases of this crop. 


In most regions where sugar cane mosaic occurs, it has been pos- 
sible to transmit the different virus strains by means of Aphis mai- 
dis. However, Storey® in 1936 announced that in Natal he found a 
cane variety, ‘““Agaul,” which showed typical mild mosaic symptoms, 
and which was assumed to harbor the prevalent mosaic virus. At- 
tempts to transfer mosaic from “Agaul” by mechanical means or by 
Aphis maidis were unsuccessful. Furthermore, he found that there 
was no dissemination of the disease in the field in East Africa and 
concluded, “Either this mosaic pattern is a varietal character—a 
highly improbable conjecture—or the Agaul virus is different from 
the common sugar cane virus. This Agaul variety was imported 
to Natal from India .. .” The history of mosaic in India contains 
many variable results, according to Storey, including, at times, fail- 
ure of transmission by Aphis maidis. 


Sugar Cane Chlorotic Streak 


This disease was first noted in Java in 1928. In 1930 Martin 
(131) reported its occurrence on several cane varieties in Hawaii. 
He gave the disease the name chlorotic streak and this name has be- 
come generally accepted throughout the world. Martin (135) 
reported transmission of the disease by means of hypodermic needle 


inoculation in one experiment. Negative results were obtained in 
all other trials. The disease can be killed in cane cuttings by sub- 
jecting them to hot water treatment for 20 minutes at 52° C. (132). 


Martin (133) ‘stated that the cause of the disease had not been 
determined, but that in many ways it resembled the virus type of 
disease more than the fungus or bacterial type. Holmes (96) in- 
cluded it in his handbook of viruses. Abbott and Sass (2) in 1945 
stated that the demonstrated fact of insect transmission “gives 
strong indication that it is caused by a virus.” 


Host plants other than sugar cane have not been demonstrated, 
but Martin (132) reported that symptoms similar to those of chlo- 
rotic streak were found to occur on Job’s tears, Coix lachryma-jobi, 
and on elephant grass, Pennisetum purpureum, which are > often 
found growing in close proximity to sugar cane. 


Insect transmission. Martin (132, 133) in 1936 and 1938 re- 
ported that no positive results had been secured in Hawaii from 
experiments conducted to determine the identity of an insect vector 
of chlorotic streak. The following species were used in these experi- 
ments: the cane aphid, Aphis sacchari; the corn leaf aphid, Aphis 
maidis; the sugar cane leafhopper, Perkinsiella saccharicida; the 


8 Storey, H. H. 1936. Proc. Fifth Congr. Internatl. Soc. Sugar Cane Technol. (Brisbane) 
1935 : 108-116. 
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green sharpshooter, Draeculacephala mollipes; the pink sugar cane 
mealybug, Trionymus sacchari (Ckll.); the onion thrips, Thrips 
tabaci; and the sugar cane stalk mite, Tarsonemus spinipes Hirst. 

In 1942 Abbott and Ingram (1) reported transmission of chlo- 
rotic streak by means of the leafhopper Draeculacephala portola Ball 
in the southern United States. They obtained transmission to only 
25 out of 490 plants tested. These results indicate that D. portola is 
a relatively inefficient vector or else that the experimental transmis- 
sion was complicated by a factor which has not yet been determined. 
These authors pointed out that the genus Draeculacephala has been 
reported in Hawaii, Puerto Rico, Colombia and Louisiana where 
chlorotic streak is reported to spread under natural conditions, but 
not in Java where the disease was first described. 

Until recently D. portola, which feeds on sugar cane in the Gulf 
States, has been misidentified as D. mollipes. True mollipes pre- 
sumably occurs primarily in the northeastern United States and is 
not a sugar cane pest in Florida or Louisiana (1). 

Martin (133) stated that natural spread of the disease occurs in 
certain regions in Hawaii. In both Hawaii and Australia, the dis- 
ease is most prevalent in localities where rainfall is heavy. In view 
of this record of field spread we can assume that a vector of the 
disease probably is at large in Hawaii. 

The report by Abbott and Ingram on transmission of chlorotic 
streak by D. portola and the confusion which has existed regarding 
the identity of some species in this genus are pertinent to the situ- 
ation here. Until recent years the “sharpshooter” in Hawaii, which 
sometimes occurs on sugar cane, was identified as D. mollipes 
(247). Recently® it has been announced that both D. minerva and 
D. mollipes occur here; minerva may be the more common of 
the two species. In view of the results obtained by Abbott and 
Ingram in Louisiana it is probable that insect transmission of chlo- 
rotic streak in Hawaii can be demonstrated by using the Draecula- 
cephala species we have here, ever though D. portola is not one 
of them. This premise is supported by the fact that phylogenetic 
relationships are known to exist among the vectors of several 
virus diseases. Frazier (67) in 1944 reported nine species of 
leafhopper vectors for Pierce’s vine disease in California. All nine 
species occur in the Amblycephalinae, a subfamily in which every 
species (including D. minerva) thus far tested has proven to be a 
vector. At the same time, many species of leafhoppers in other sub- 
families have been tested and not one has been found to transmit 
the grape disease. Similar vector-virus relationships occur within 
the genera Cicadulina and Perkinsiella which include vectors of 
maize streak disease and Fiji disease of sugar cane, respectively. 
The three known species of vectors of maize streaks all occur within 
the genus Cicadulina. Perkinsiella includes two species which have 


® See footnote, p. 471. 
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been shown to transmit Fiji disease. In addition, Mungomery and 
Bell (150) and Pemberton (185) have pointed out that a third 
species must be the vector in Fiji. Furthermore, others of the 21 
species listed by Pemberton (185) as occurring in the genus are 
probably vectors in other localities. 

In view of the low percentage of chlorotic streak transmission 
obtained by means of D. portola in Louisiana it is probable that long 
series of experiments would have to be run with the main suspect 
species before negative evidence could eliminate them from the sus- 
pect group. 


Cucumber Mosaic 


Two of the cucumber mosaic strains discussed below are known 
in the literature by several different names. They are: 


1. Cucumber mosaic virus, typical strain, (Marmor cucumeris 
var. vulgare Holmes). 
Synonyms: Common cucumber mosaic virus, Cucumber 
virus 1; Cucumis virus 1 ; Spinach blight virus. 
2. Cucumber mosaic virus, southern celery mosaic strain (Mar- 
mor cucumeris var. commelinae Holmes). 
Synonyms: Southern celery mosaic virus; Celery virus 1. 


The properties of the cucumber mosaic virus occurring in Ha- 
waii, and its symptoms on various hosts have not been studied. It 
has been assumed that we have the typical strain or common cucum- 
ber mosaic. This is probably true in view of the fact that we also 
have a spinach blight which agrees in general with the description 
of the spinach blight on the mainland known to be due to common 
cucumber mosaic. In addition we have in Hawaii “fern leaf” of 
tomato, a disease induced by common cucumber mosaic virus in 
tomato. 

It is now apparent, however, that we have more than one variety 
or strain of cucumber mosaic virus in Hawaii. Although it has not 
been definitely proved, there is evidence that the southern celery 
mosaic strain of cucumber mosaic, or a related strain, occurs in 
Hawaii. This virus was studied by Doolittle and Wellman (53, 239, 
240, 241, 242, 243, 244). It was responsible for severe losses in 
the celery growing areas of Florida and was found to spread to 
celery from Commelina nudiflora which grows around the fields as 
a weed. When first investigated, this disease was assumed to be 
common cucumber mosaic. However, Wellman (240) in 1934, 
after a comparison of the symptoms on various hosts with symp- 
toms produced by other viruses, concluded that the virus infecting 
celery and Commelina nudiflora in Florida was distinct from the 
strain known as common cucumber mosaic. He gave it the name 
southern celery mosaic (Celery virus 1). Part of the evidence 
Wellman presented as a basis for his conclusions was the fact that 
southern celery mosaic was transmissible to watermelons which, 
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he stated, are immyne to common cucumber mosaic virus. In addi- 
tion, Commelina nudiflora has not been found susceptible to com- 
mon cucumber mosaic whereas it is the most important weed host 
of southern celery mosaic. The differential susceptibility to strains of 
cucumber mosaic virus shown by watermelon and Commelina has 
a bearing on the identity of the virus strains occurring in Hawaii. 
Parris (175) in 1936 recorded mosaic on watermelon (Citrullus 
vulgaris) in Hawaii. If this mosaic was caused by one of the 
cucumber mosaic viruses, it is probably one more closely related to 
southern celery mosaic than to common cucumber mosaic in the 
light of Wellman’s report (240) that watermelon is immune to the 
latter virus strain. The few records of watermelon mosaic referred 
to by Walker (234) in 1933 were listed as being due to cucumber 
mosaic without differentiation of strains. Commelina nudiflora has 
been found to be the main weed host of southern celery mosaic 
virus in Florida. What has been considered to be the same plant, 
Commelina diffusa Burm. (= nudiflora of Hawaiian authors), in 
Hawaii was observed by Kunkel (114) in 1921 and Hadden (84) 
in 1928 to carry a mosaic disease. In 1935 Carter (34) transmitted 
Commelina mosaic to pineapple by mechanical inoculation, and in 
1937 he (36) transmitted it to pineapple by means of Aphis gossy- 
piu, Myzus persicae, and Macrosiphum solanifolii. Southern celery 
mosaic has been reported to be transmitted by the same species of 
aphids and in addition by Aphis maidis. 


According to Price (192) the mosaic symptoms produced in the 
Hawaiian Commelina diffusa are similar to those produced by 
southern celery mosaic in nudiflora of Florida. He concluded that 
the viruses are probably related but that further proof is needed. 
In 1941 Price (192) reported the results of studies he conducted 
with a yellow strain and a green strain of mosaic in Commelina 
diffusa from Hawaii which he received through Dr. Carter. He 
found that these strains, though closely. related, were not equal in 
their ability to infect dicotyledonous hosts when inoculated mechan- 
ically. Moreover, the symptoms produced on species of Nicotiana, 
Cucumis sativus L,. and Zinnia elegans by the yellow and green 
strains of Hawaiian Commelina mosaic were similar to, but dis- 
tinguishable from, those of both common cucumber mosaic and 
the southern celery mosaic strain of cucumber mosaic virus on the 
same hosts. Since the symptoms of Commelina mosaic in Hawaii 
were reported to vary from a brilliant yellow mottling to a mild 
green mottling, Price recommended referring to these strains as 
yellow and green variants of cucumber mosaic virus pending more 
comprehensive study of them under local Hawaiian conditions. 

In view of the circumstances presented above, both the common 
cucumber mosaic virus (Marmor cucumeris var. vulgare) and the 
cucumber mosaic virus, southern celery-mosaic strain (Marmor 
cucumerts var. commelinae) will be treated in this paper. 
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Cucumber Mosaic Virus, Typical Strain 
(Marmor cucumeris var. vulgare) 


Synonyms: Cucumber virus 1; Cucumis virus 1; Common cu- 
cumber mosaic virus; Spinach blight virus; Tomato “fern leaf” 
virus ; possibly also banana bunchy top virus. 

Symptoms: This virus frequently causes yellowish green sys- 
temic mottling on cucumber. The plants become stunted, the leaves 
are small and may be curled or otherwise distorted. Fruits may also 
be mottled and misshapen (96). Parris (177) stated that the most 
dependable symptom is the bunching of the leaves at the tips of the 
vines. 

Host plants. The host plant range of this virus is very wide. 
Holmes (96) listed 34 families of plants in which susceptible 
species occur. Thirty-two species are found in Cucurbitaceae alone. 
Among common cultivated plants listed by Holmes (96) as some- 
times seriously affected are, cucumber, celery, spinach, tobacco, 
pepper and tomato. In spinach the cucumber mosaic virus causes 
“spinach blight” (see “Spinach blight”) and in tomato it causes 
“fern leaf.” Parris (177) listed the following plants in Hawaii as 
susceptible to cucumber mosaic virus: Beta vulgaris (beet), Spina- 
cea oleracea (spinach), Citrullus vulgaris (watermelon), Cucumis 
melo (muskmelon), C. sativus (cucumber), Cucurbita pepo (pump- 
kin), Nicandra physaloides (apple of Peru), Petunia hybrida 
(petunia), Solanum carolinense (horsenettle), S. nigrum (night- 
shade) and Viola sp. (violet). On the basis of the list of susceptible 
hosts reported by Holmes, the group listed by Parris represents 
only a small portion of the number in Hawaii which should be 
susceptible hosts. 

In addition to the diseases reported above caused by cucumber 
mosaic virus, Holmes (96) stated that this may also be the virus 
which causes bunchy top disease of bananas in Australia. 


Insect transmission. Doolittle and Walker (51, 52) in 1920 and 
1925 demonstrated transmission of this virus by means of Dia- 
brotica vittata, D. duodecimpunctata and Aphis gossypii. Hoggan 
(88, 89, 90) in 1929 and 1930 transmitted cucumber mosaic virus 
by means of Myzus persicae, Myzus pseudosolani (M. pseudosolani 
probably = M. convolvuli), Myzus circumflexus and Macrosiphum 
solanifolii. 

No studies have been reported on the transmission of common 
cucumber mosaic in Hawaii by means of insects. However, this is 
one of our most common virus diseases and it consistently takes a 
heavy toll of many plantings in Hawaii. Frequently the majority 
of cucumber plants in a field become infected before the crop has 
matured. Since the melon aphid, Aphis gossypii, is by far the most 
common aphid on cucurbits in Hawaii, it is probable that most of 
the spread in nature is due to this species. A. gossypii is also one 
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of our most common aphids on a large number of non-cucurbit host 
plants. It is thus able to maintain a relatively high population in 
nature during most of the year with the result that new plantings of 
cucurbits are seldom able to remain free from infestation for more 
than a short time. 

There are varieties of cucumber which are resistant to cucumber 
mosaic, but their adaptability to Hawaiian conditions has not yet 
been adequately investigated and the varieties commonly planted 
here are susceptible to the disease. 


Cucumber Mosaic Virus, Southern Celery Mosaic Strain 
(Marmor cucumeris var. commelinae ) 

Synonyms: Celery virus 1, celery mosaic virus. 

Host plants. Holmes (96) discussed the susceptible species as 
follows: “Commelina nudiflora L,.; Apium graveolens L,., celery ; 
Capsicum frutescens L., pepper; Musa cavendishii Lamb and M. 
sapientum L,., banana; Zea mays L,., corn; and many other vege- 
tables, grasses, and weeds, altogether 91 species in 23 families. So 
far as known, the host range of this strain and of the type strain 
are alike.” Although the host range of this strain and the type 
strain are alike in general, the susceptible and insusceptible species 
tested are not the same for both strains as was demonstrated by 
Wellman (240) in 1934, and discussed earlier in this paper. 

Disease symptoms. In Commelina nudiflora, celery and peppers 
the leaves become mottled and in the case of the latter two plants 
stunting and distortion of the plant occurs (96). In banana, the 
new leaves are stunted and often streaked with yellowish and green 
regions which frequently become necrotic. The stunted plants 
acquire a rosette-like appearance which in some respects resembles 
bunchy top of banana (241). 

In corn, (Zea mays) Wellman (242) reported “the celery virus 
causes a stripe disease of maize in Florida very similar to but not 
identical with the white stripe of maize in Cuba. After numerous 
experiments it was evident that the celery-virus stripe on maize in 
Florida is transmitted by aphids but not by Peregrinus maidis, 
which Stahl (217) found was the vector of Cuban white stripe.” 

Mosaic diseases in banana and corn, in many respects resembling 
those reported above, occur in Hawaii and are discussed more 
fully under “Banana Mosaic” and “Corn Mosaic.” 

Insect transmission. Doolittle and Wellman (53) in 1934 re- 
ported transmission of southern celery mosaic by means of Aphis 
gossypu. In the same year Wellman (241) announced transmis- 
sion of this virus to 2 banana plants by means of Aphis maidis and 
to 13 of 15 Lady Finger banana plants exposed to viruliferous 
Aphis gossypu. Although both test plants exposed to Aphis maidis 
contracted the disease, it would be desirable to test this aphid on 
a much longer series of plants in order to confirm its ability as a 
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vector of this virus and eliminate the possibility that transmission 
may have been due to the presence of more than one aphid species 
in the test population. This precaution is particularly appropriate 
for Aphis maidis because this species has not been found to be 
as versatile a vector of plant viruses as are some species of aphids. 
Only two other virus diseases (sugar cane mosaic and onion yellow 
dwarf) have been shown to be transmissible by Aphis maidis. 

In addition to the aphid vectors of southern celery mosaic virus 
listed above, Carter (36) in 1937 reported he had received a per- 
sonal communication from Wellman stating that Myzus persicae 
and Macrosiphum solanifolii are also vectors of this virus. 


Holmes (96) listed Pentalonia nigronervosa as a vector of south- 
ern celery mosaic. This species has not been demonstrated to 
transmit the virus in the United States. Its inclusion by Holmes 
apparently results from the fact that southern celery mosaic was 
shown by Wellman (241) to be transmissible to banana in which 
it produced symptoms similar to bunchy top of banana, a disease 
known to be transmitted by Pentalonia nigronervosa in Australia. 
However, that these diseases are identical has not as yet been 
demonstrated. 


Commelina Mosaic 

The virus causing common mosaic in Commelina diffusa in Ha- 
waii is a strain of cucumber mosaic. Carter (36) reported trans- 
mission of this virus to pineapple by means of Aphis gossypii, 


Myzus persicae and Macrosiphum solanifolii. (For a more com- 
plete discussion of Commelina mosaic see “Cucumber Mosaic,” 


p. 567.) 


Lily Mosaic 

The only reference encountered in the literature to lily mosaic in 
Hawaii is one by Parris (175), who in 1936, listed a mosaic on 
Lilium longiflorum. 

The identity, host and vector relationships are not known for the 
lily mosaic reported from Hawaii. Until recent years it was be- 
lieved that the lily virus diseases (lily mosaic and yellow flat) were 
distinct from similar diseases occurring in tulips and some other 
plants. In 1935 Wellman (244) found lily to be among the plants 
susceptible to southern celery mosaic virus. Price (191) in 1937 
found that leaves of zinnia plants infected with a strain of lily 
mosaic virus were immune from infection with cucumber mosaic 
virus. On the basis of these tests and the similarity of cucumber 
mosaic symptoms in lily to those of lily mosaic in lily, he concluded 
that lily mosaic virus should be classified in the cucumber mosaic 
virus group. The fact that Aphis gossypii was known to be vector 
of both lily mosaic (83) and southern celery mosaic (240) con- 
tributed to this conclusion. Another lily disease, known as yellow 
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flat, was considered by Price (191) to be due to a virus distinct 
from that causing lily mosaic. 

In accordance with the conclusions of Price on the relationships 
of lily mosaic, Smith (215) placed lily mosaic under Cucumis 
virus 1. Holmes (96) in his classification of viruses erected the 
name cucumber mosaic virus, lily mosaic strain (Marmor cucumeris 
var. lilii) to include part of the lily mosaic complex of viruses. 

McWhorter (143) in 1935 stated that the virus which causes 
“breaking” (color-adding and color-removing) in tulips is trans- 
missible to lilies in which it produces a disease indistinguishable 
from lily mosaic. 

Brierley and Smith (28) in 1944 reported the results of experi- 
ments in the United States on the properties, host range and vector 
relations of three lily mottle viruses, (which they assigned to the 
tulip virus group) as well as comparative data on tulip viruses 1 
(color removing) and 2 (color adding) of McWhorter (144). 
Unfortunately the extensive investigations reported by Brierley 
and Smith do not include comparison of the viruses in question 
with the mosaic induced in lily by cucumber mosaic virus as re- 
ported by Price (191). Most of the host studies were in Lilium. 
They concluded that the five viruses studied (coarse mottle virus, 
virulent coarse mottle virus, latent virus, tulip virus 1 and tulip 
virus 2) might justify designation as separate virus entities. How- 
ever, to avoid confusion in nomenclature they placed them all in 
Marmor tulipae of Holmes which must then be amended to include 
color-removing as well as color-adding virus. Brierley and Smith 
grouped them as three subspecies: tulip color-removing subspecies, 
tulip color-adding subspecies and lily mottle subspecies. As thus 
defined, Marmor tulipae was found by Brierley and Smith (28) to 
be transmissible by sap and by Aphis gossypii, Macrosiphum solani- 
folit and Myzus persicae. In addition “Aphis fabae’’?® was found 
to transmit the tulip color-adding and -tulip color-removing strains. 
The previously reported additional vectors of these latter strains 
were Anuraphis tulipae (B. de Fonsc.) (141) Macrosiphum solani- 
folii and Myzus persicae (139, 140). 


Banana Mosaic 
In 1921 Kunkel (114) mentioned a mosaic on banana in Hawaii. 
No further reference to a banana virus here has been recorded in 
the literature. On October 3, 1945 the author noted what appeared 
to be virus symptoms of a mosaic type on the leaves of several 
young Chinese banana plants (Musa cavendishii) at Waipahu, 
10 The identity of the species in question is uncertain. Smith (215) in 1937 listed Aphis 


fabae Scop. as a synonym of Aphis rumicis Linn. goons (109) in 1942 stated that fabae and 
rumicis are distinct species and can be distinguished easily on morphological grounds. He 


also concluded that in England fabae is a polyphagous species but that ramicis colonizes 
n 


only on plants belonging to the genus Rumex. a letter to the writer dated January 4, 
1946, Professor E. O. Essig stated that the occurrence of fabae in the United States has not 
been definitely established. 
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Oahu. The oldest leaves appeared to be normal but the youngest 
four to six leaves were streaked with light and dark green areas in 
a linear pattern along the secondary veins of the lamina. As the 
leaves became older the symptoms appeared to become more con- 
spicuous and there was a tendency for the chlorotic streaks to be- 
come necrotic. Marginal chlorosis occurred on some leaves to a 
slight extent. The diseased plants were stunted and the more 
mature affected leaves drooped to the ground. 

Considerable variation occurred in the chlorotic and light green 
streaks which occurred on the leaves. The streaks on some leaves 
were narrow while on others larger portions of the lamina were 
light green to yellowish in color and appeared as a mottle or blotch 
or as irregular, longitudinal chlorotic areas. The light green 
streaks were usually not continuous, but were interspersed with 
areas of darker green tissue. Occasionally yellowish areas appeared 
diamond shaped on the lamina. Sometimes such areas had a green 
center and in other instances the entire affected area was yellow 
or light green. 

On October 10, 1945, in company with Dr. F. G. Holdaway and 
Mr. J. W. Hendrix of the University of Hawaii, the writer found, 
on the Campbell banana plantation at Mokuleia, Oahu, a single half 
grown banana plant which exhibited mosaic symptoms such as de- 
scribed above. Symptoms occurred only on the two youngest leaves. 
There is some evidence that within the last two years Mr. Camp- 
bell removed a block of several hundred plants which were similarly 
affected. On October 14, 1945 the writer noted several young 
banana plants at Laie which showed streaking and chlorosis similar 
to that found at Waipahu. On Octeber 23, 1945 Mr. J. W. Hen- 
drix and the writer examined a 2-acre planting of bananas in 
Manoa Valley in which approximately 10 per cent of the plants 
showed mosaic symptoms. The symptoms were again found to vary 
considerably in their pattern, ranging from relatively mild mosaic 
symptoms of interspered light and dark green areas, to conspicuous 
elongate streaks and mottles which appeared to become necrotic 
on some of the older leaves. These streaks or chlorotic patches also 
occasionally appeared diamond shaped. Enough plants, both healthy 
and infected, were present to see the effects the disease may have 
on a commercial planting. Partial strangulation of the new leaves 
in the center of the pseudo-stem with resultant malformation of the 
leaves was noted in some plants. Most of the diseased plants were 
found to be stunted. Those which apparently became infected 
while very young had made practically no growth. Young suckers 
being produced from diseased stools were also diseased in most 
instances. 

The writer visited this planting again November 25, 1945. 
Healthy plants had produced near-mature bunches of fruits, but 
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most of the diseased plants were still dwarfed and making little 
growth. During this visit it was noted that considerable mosaic- 
diseased Commelina diffusa was growing in the vicinity of the field. 
Furthermore the diamond shaped mosaic symptoms on many of 
the leaves of Commelina closely resembled the symptom pattern on 
some of the affected banana leaves. 

In view of Kunkel’s report of banana mosaic in 1921 and a report 
by Mr. Carpenter (quoted below) that a banana mosaic has been 
noted sporadically in the intervening years, it is probable that this 
disease ordinarily does not spread with great rapidity or regularity 
within banana plantings. However, it is possible that at times 
severe damage may have been produced in localized areas without 
being brought to the attention of the public. 

The report by Wellman (241) of transmission in Florida of the 
southern celery mosaic strain of cucumber mosaic from Commelina 
nudiflora to banana by means of Aphis gossypu and Aphis maidis 
is of particular interest. The symptoms produced in banana by this 
virus included stunting of the leaves and of the plant as a whole, 
and chlorotic streaks on the leaves. In some instances the streaks 
became necrotic. The plants were reported to have acquired a 
rosette-like appearance which resembled bunchy top of bananas in 
Australia. The stunting of the plants and the streaking and necrosis 
of the leaves resemble symptoms observed on banana in Hawaii. 


In this connection a report by Mr. C. W. Carpenter of the Path- 
ology Department of the Hawaiian Sugar Planters’ Association 
Experiment Station is very pertinent. In a letter dated October 
23, 1945 addressed to the writer Mr. Carpenter stated: “A mosaic 
of the Chinese banana is not uncommon on Oahu; about 10 years 
ago the banana mosaic was very prevalent at Mokuleia after cucum- 
bers were interplanted. The latter were seriously affected with 
mosaic.” 

The above reports by Wellman and Carpenter, when considered 
with the report by Price (192) that Hawaiian Commelina mosaic 
is very closely related to both common cucumber mosaic and south- 
ern celery mosaic, suggest the possibility that Hawaiian banana 
mosaic may be due to one or more strains of cucumber mosaic 
which occur in Commelina, cucumber, and probably other host 
plants in Hawaii. 

Although the banana mosaic observed in Hawaii has not been 
demonstrated to be a virus, the symptoms strongly suggest that 
such is the case. Furthermore, similar symptoms in banana in other 
parts of the world have been shown by experimental transmission 
to be due to viruses. If mosaic in Hawaii proves to be a virus its 
identity and relationship to other similar viruses should be deter- 
mined. The symptoms observed in Hawaii resemble in some re- 
spects several of the symptoms described for other virus-induced 
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banana diseases. ‘These diseases (Banana heart-rot, infectious 
chlorosis, and bunchy top) will be discussed briefly although they 
are not known to occur in Hawaii. 


Banana heart-rot or infectious chlorosis (due to Musa virus 3 of 
Smith). This disease has not been extensively studied. However, 
Magee (129) in 1930 reported its occurrence in New South Wales 
and thought it was transmitted by the banana aphid, Pentalonia 
nigronervosa. ‘This disease causes yellowing and mottling of the 
foliage throughout the year and rotting of the heart leaf and central 
portion of the pseudo-stem during the winter. The rotting extends 
down into the corms and usually kills the plants. The yellowing 
symptoms are variable, but usually take the form of continuous or 
discontinuous streaks extending from the midrib to the margin of 
the leaf. These streaks vary in width from very narrow to more 
than 4 inch. The leaf symptoms resemble, in a general way, those 
found on diseased plants in Hawaii. A heart-rot stage in Hawaii 
has not yet been observed. This disease was not reported as being 
widespread in New South Wales, but Magee stated that if it were 
to become widespread it might be a greater threat to the banana 
industry than banana bunchy top. 


Brazilian infectious chlorosis of banana. Wardlaw (236) in 
1935 discussed a type of infectious chlorosis observed on banana 
in the state of Sao Paulo, Brazil. This he considered closely related 
to the banana heart-rot disease of Australia. The leaf symptoms 
were described as “light chlorotic linear areas extending as irregu- 
lar, broken, sometimes anastomosing, lines or stripes from the mid- 
rib to the leaf margin.” In contrast to the symptoms observed in 
Hawaii, the leaf mottle of the Brazilian disease tends to be masked 
on the older leaves. The disease has been shown to be systemic 
and is transmitted to the daughter suckers. This disease apparentlv 
does not injure the plant and diseased stools produce normal 
bunches year after year, except that mosaic mottling may occur on 
the fruit skin. No plants have been found in which rotting of the 
central leaf and the core of the pseudo-stem occurred as reported 
for the heart-rot disease'in Australia. 

The leaf symptoms of the disease in Brazil vary with environ- 
mental conditions. Mottling may fade noticeably or disappear com- 
pletely from plants making rapid growth as a result of hot, wet 
weather or fertilizing. During the cold dry season when little 
growth takes place the leaf mottle develops maximum intensity. 

Wardlaw (236) reported experiments in which the banana aphid 
Pentalonia nigronervosa, failed to transmit the disease. 

A disease of bananas, believed by Wardlaw (236) to be the same 
as that reported from Brazil, has also been observed in Trinidad, 
West Indies, for several years. A similar disease of panana re- 
ported by Ogilvie (162) from Bermuda in 1928 is also believed by 
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Wardlaw (236) to be probably the same as the disease reported 
from Brazil. In Bermuda, however, the disease has a slight dwarf- 
ing effect on the plants. 


Banana Bunchy Top 


Magee (128) in 1927 reported that since its appearance in Aus- 
tralia in 1913 bunchy top disease has ruined the banana industry 
in several areas. It has also caused considerable damage in Fiji 
(where it is believed to have originated), and in Ceylon and Egypt 
(128). 

The general symptoms of the disease are described by Magee 
(128). “The leaves of a badly infected plant are bunched together 
at the apex of the plant to form a rosette. Owing to the failure of 
the leaf stalks to elongate, the leaves stand more erect than normal. 
Infected plants are markedly stunted, there being little growth in 
height once the plant has taken the disease.” 


The first definite symptoms of the disease appear in the newly 
unfurled center leaf on which irregular, nodular, dark green streaks 
about 0.75 mm. wide appear along the secondary veins of the leaf 
lamina. Leaves produced subsequently may show whitish streaks 
along the secondary veins of the leaf blade before the leaf has 
unfurled. When these leaves unroll they bear dark green streaks 
along the secondary veins and dots or lines on the midrib and 
petiole. The leaves may also be somewhat stunted, slightly chlorotic, 
and the margins of the lamina may be wavy and rolled upwards 
slightly. , 

Due to strangulation or leaf congestion at the apex of the pseu- 
dostem, diseased plants often fail to throw the bunch or it may get 
partly out and be left standing erect or at right angles to the 
pseudo-stem. The fruit of such bunches is usually stunted. 

Magee (128) transmitted this virus by means of the banana 
aphid, Pentalonia nigronervosa. Plants infected by means of this 
aphid developed primary symptoms in an average of 25 days. 

Banana bunchy top virus was reported by Magee (128) to be 
transmissible to abaca or Manila hemp (Musa textilis) by means 
of Pentalonia nigronervosa. The symptoms reported by Magee in 
Manila hemp differ somewhat from those reported by Ocfemia for 
this disease in the Philippine Islands. Furthermore, the virus in the 
Philippines has not been found to be transmissible by Pentalonia 
nigronervosa from Manila hemp to banana. Of unusual interest is 
the report by Ocfemia and Buhay (160) in 1934 that in transmit- 
ting the virus from abaca to abaca in the Philippines, Pentalonia 
nigronervosa must feed on the inoculum for 12 hours in order to 
acquire the virus. In addition to this time the virus requires an 
incubation period of from 24 to 48 hours in the aphid vector before 
it can be transmitted to a healthy plant. 
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Papaya Mosaic 


Parris (178, 182, 184) in 1939, 1940 and 1941 discussed a new 
disease of papaya which was discovered at Waialua and Lualualei, 
Oahu, in July 1937. In 1939 Parris (179) reported mechanical 
transmission of the disease to healthy plants in over 75 per cent of 
the tests conducted. He concluded that a virus was probably the 
causative agent. During the first 2 years after the discovery of the 
disease in Hawaii, papaya mosaic caused losses ranging from 6 to 
over 30 per cent in several large plantings (179). However, since 
1939 diseased plants have been observed only occasionally. 

Symptoms of the disease were described by Parris (179). Dis- 
eased plants are stunted and the foliage is yellowed. The petioles 
of diseased leaves are bent downwards at their point of attachment 
to the stem. “Linear, darker-green than normal, slightly raised, 
hydrotic-like streaks may be present on any portions of the main 
stem of a diseased plant, and on the petioles of yellowed leaves. . . . 
The streaks vary from % to 1 inch in length and from 1/32 to 
¥% inch in width. . . . Diseased leaves abscise rapidly, and 4 to 6 
weeks after initial symptoms only a few badly distorted and under- 
sized leaves remain clustered at the top. The leaves developed prior 
to symptom expression persist as a fringe around the base of the 
plant.” 

Parris also reported that “When a diseased papaya plant is 
decapitated or death of the growing point takes place naturally, 
new growth develops from the lower portions of the stem. It has 
been observed that the new shoots may all be healthy, or some be 
healthy and some diseased.” 

Holdaway and Look (95) in 1940 reported negative results from 
preliminary experiments conducted to determine an insect vector 
of papaya mosaic. The species tested included: Aphis gossypii, 
A. medicaginis, A. maidis, Macrosiphum gei (= solanifolii), Myzus 
persicae, Empoasca solana DeLong, Nysius coenosulus Stal, and 
Thrips tabaci. 

Virus diseases of papaya have been reported from other parts of 
the world. Parris (178) considered it possible that the mosaic of 
Hawaii is identical with a disease in Queensland called “yellow 
crinkle” by Simmonds (208). 

The mosaic of papaya in Hawaii is apparently distinct from the 
papaya mosaic reported from China by Ho and Li (87) in 1936. 


Papaya Ringspot 
Lindner et al. (123) in 1945 reported the presence in Hawaii of 
a previously undescribed papaya disease which appeared to be due 
to a virus. This disease, designated as papaya ringspot, was dis- 
covered by Dr. R. C. Lindner at Kailua, Oahu, in March 1945. 
The disease is characterized by a mottle or mosaic pattern in 
the younger leaves resulting from irregular areas of leaf tissue 
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which are of a lighter green color than that of the rest of the leaf. 
The mosaic symptoms in the foliage are usually very conspicuous 
during the winter months, but mild during the summer. Diseased 
plants show retardation of growth and are weakened and killed 
more readily by adverse environmental conditions than are normal 
plants. 

The most striking and reliable symptom of papaya ringspot 
disease appears in the fruits as they reach the ripening stage. 
Yellow rings with green centers are produced on the fruit surface. 
These rings vary in size from % to % of an inch in diameter and 
may be circular or irregular in outline. The number of rings on 
a single fruit varies from a few to over 150. 

Experiments conducted by the writer at Honolulu demonstrate 
that Myzus persicae is a vector of the ringspot virus. The disease 
was transmitted to 55 of 90 test plants exposed to viruliferous 
aphids between April 1 and July 31, 1945. After inoculation, symp- 
toms developed in rapidly growing papayas in from 11 to 21 days. 


Crucifer Virus Diseases 


The relationships of some of the virus diseases which are found 
infecting cruciferous plants have not yet been adequately elucidated. 
Research work reported during recent years indicates that several 
viruses or virus strains are involved. 

The identity, properties, host range and manner of dissemination 
of the virus diseases which.occur in cruciferous plants in Hawaii 
are at present unknown. Kunkel (117) in 1924 was the first to 
report mosaic on Chinese cabbage, Brassica pekinensis (Lour.). 
Parris (177) in 1938 described the general types of symptoms 
which occur on some cruciferous plants here and cited the work 
done by Schultz (202) in 1921 as the source of his information on 
physical properties and manner of transmission. Parris (177) 
stated that mosaic had been seen in Hawaii on mustard, radish, 
Swiss chard, Chinese cabbage and turnip. In the same year he 
recorded (176) mosaic on daikon (Rhaphanus sp.) in Hawaii. 
Martin (138) in 1943 also reported mosaic on daikon in Hawaii. 
Frazier (68) reported mosaic as being among the most serious 
diseases of spoon cabbage and green mustard in Hawaii. 

During recent years investigations have shown that several dif- 
ferent virus diseases occur in cruciferous plants, and that most of 
these viruses have several plant hosts in common. The collective 
term, crucifer mosaic, therefore, loses meaning when the host range, 
symptoms, properties and methods of transmission are studied. 
Hoggan and Johnson (94) in 1935 described a crucifer virus trans- 
missible by Brevicoryne brassicae and Myzus persicae. Tompkins 
(228) in 1937 described a mosaic disease of cauliflower which he 
considered distinct from the other diseases which had previously 
been reported from crucifers. He reported transmission by means 
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of the aphids Brevicoryne brassicae, Rhopalosiphum pseudobras- 
sicae and Myzus persicae. “The host range included 51 vegetable 
varieties, 3 ornamentals and 5 weeds, all belonging to the family 
Cruciferae.” In discussing Tompkins’ cauliflower mosaic, virus 
(Brassica virus 3 of Smith) Smith (215) in 1937 stated that 
Severin had informed him that this disease had been transmitted 
experimentally by the following aphids: 


Species already occurring in Hawaii: 
Brevicoryne brassicae—Cabbage aphid 
Rhopalosiphum pseudobrassicae—False cabbage aphid 
Myzus persicae—Green peach aphid 
Myzus circumflexus—Lily aphid 
Aphis gossypti—Melon aphid 
Aphis middletonii—Erigeron root aphid 
Cavariella aegopodii (= capreae Fab.)—Yellow willow aphid 


Species not recorded from Hawaii: 
Aphis graveolens Essig—Celery leaf aphid 
Aphis apigraveolens Theob.—Celery aphid 
Rhopalosiphum melliferum Hottes—Honeysuckle aphid 


Tompkins (229) in 1938 described a mosaic of turnip and other 
plants which was readily transmitted by Myzus persicae and Brevi- 
coryne brassicae. In the same year Tompkins and Thomas (232) 
described a mosaic disease of Chinese cabbage (Brassica pe-tsai) 
which was prevalent in central California. The host range of this 
virus included cauliflower, turnip, cabbage, radish, and mustard. 
The insect vectors were found to be the same as for turnip mosaic. 
In 1938 Tompkins, et al. (231) described a virus disease of cab- 
bage and other crucifers which they named black ring. Again the 
vectors were shown to be Myzus persicae and Brevicoryne bras- 
sicae. 

In 1939 Larson and Walker (121) described a destructive mosaic 
disease of cabbage in Wisconsin. All cruciferous plants tested were 
found to be susceptible to the disease. In addition, Swiss chard and 
spinach were among the noncruciferous hosts determined. The 
virus was found to be transmissible by juice inoculation. Three 
insects, Mysus persicae, Brevicoryne brassicae and the cabbage 
worm Pieris rapae were shown to be vectors of the virus. The dis- 
covery of the cabbage worm as a vector of a virus is of singular 
interest because it is one of the few records of a lepidopterous larva 
transmitting a plant virus. It was found necessary for the aphid 
vectors reported to feed on a diseased plant for % hour in order 
to acquire the virus. They were then capable of retaining the virus 
long enough to infect four different healthy plants consecutively 
without a second feeding on the inoculum. The feeding period on 
each successive test plant was 1 hour. It is of interest that this 
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virus can be transmitted by mechanical means and by a chewing 
insect and yet requires at least 1% hour of feeding by the aphid 
vectors in order to acquire the virus. Furthermore, once infective, 
the aphids retain the ability to infect four consecutive healthy plants 
over a period of 4 hours. 

Although the relationships of the crucifer viruses reported above 
need further clarification, the evidence is increasing that several 
different but related viruses occur in these plants. Tompkins and 
Thomas (232) stated in 1938 that on the basis of symptoms, Chi- 
nese cabbage mosaic, cauliflower mosaic and turnip mosaic can 
easily be differentiated on Chinese cabbage, winter colma cabbage 
and purple top white globe turnip. 

Walker, et al. (235) and Pound, et al. (127) in 1945 showed 
that a strain of turnip virus 1 of Hoggan and Johnson (94) and a 
strain of cauliflower virus 1 of Tompkins (228) may occur together 
in cabbage with the characteristic symptoms of each being apparent 
and varying in intensity as the air temperatures vary. Turnip virus 
and cabbage black ring virus symptoms were found to increase in 
intensity with increasing air temperature. This was in contrast to 
the cauliflower virus group in which symptom severity increased as 
the air temperature was decreased. When a strain of turnip virus 
or a strain of black ring virus occurred in cabbage together with a 
strain of the cauliflower virus “the resulting disease reaction was 
more severe than that produced by either virus alone.” 


The need for research on crucifer viruses in Hawaii is obvious. 


At least one of these viruses occurs here and very possibly there 
are more than one. Most of the known insect vectors of crucifer 
viruses have already become established in the Territory. This fact 
increases the hazard which accompanies the inevitable introduction 
into Hawaii of other viruses not already established here. 


Spinach Blight ; 

Parris (177) in 1938 reported blight as a virus disease of spinach 
in Hawaii. Symptoms were described as including mosaic, mot- 
tling, yellowing and distortion of the leaves and stunting of the 
plant. The disease was reported by Parris to cause severe losses in 
Hawaii occasionally. 

Although several viruses have been reported to induce disease 
symptoms in spinach, blight is usually considered to be due to 
cucumber mosaic virus. Hoggan (92) in 1933 discussed the symp- 
toms produced in spinach by cucumber mosaic virus, sugar beet 
mosaic virus and tobacco ringspot virus. Hoggan’s paper also 
reported transmission of cucumber mosaic virus to spinach by 
means of Myzus persicae and Macrosiphum solantfolit. 

Parris cited Hoggan’s paper as a reference but listed Aphis 
rumicis as a vector in addition to the two species recorded by Hog- 
gan. The writer has failed to find any other report in the literature 
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of Aphis rumicis as a vector of spinach blight. The report by Parris 
may have been based upon the fact that Hoggan had transmitted 
sugar beet mosaic virus to spinach. Aphis rumicis is a vector of 
sugar beet mosaic but was not used in the transmission experiments 
reported by Hoggan. According to Hoggan, the symptoms of sugar 
beet mosaic in spinach are distinct from those produced by cucumber 
mosaic. 


Lettuce Mosaic 


Parris (177) in 1938 reported that a lettuce mosaic occurred in 
a high percentage of plantings in Hawaii and resulted in consider- 
able loss. Symptoms of the disease reported from Hawaii include 
yellowish discoloration and a mosaic pattern of the leaves, rugosity 
of the leaf blade, and stunting of the plants. Mosaic prevents head- 
ing in head lettuce varieties. 


Holmes (96) listed the following plant species as susceptible to 
lettuce mosaic virus (Marmor lactucae): Compositae—Senecio 
vulgaris L,., groundsel ; Sonchus asper Hoffm., prickly sow-thistle. 
Leguminosae—Lathyrus odoratus L., sweet pea, Pisum sativum L,., 
pea. 

Transmission. Ainsworth and Ogilvie (3) in 1939 reported that 
experiments conducted in England resulted in lettuce mosaic trans- 
mission by Myzus persicae to 15 out of 33 plants and by Macrosi- 
phum solanifolii to 1 out of 23 plants. The latter species was re- 
ported as being the most common lettuce aphid in southwestern 
England. The virus has also been shown to be juice transmissible 
and in addition is one of the viruses that is carried through the seed 
of diseased plants. 

No insect transmission studies have been reported from Hawaii. 


Bean Mosaic 

A bean mosaic virus (Marmor phaseoli of Holmes) has been 
shown to be transmissible to several species of Phaseolus, to Vicia 
faba 1,., V. lathyroides L,. and Lespedeza striata Hook. and Arn. 
(79), all within the family Leguminosae. It is not transmissible to 
garden pea or sweet pea. 

The symptoms of bean mosaic virus vary considerably depending 
on age and variety of the host and on environmental conditions. 
Holmes (79) states “first leaves to be affected are crinkled, stiff, 
chlorotic ; later leaves show chlorotic mottling; leaf margins often 
rolled down.” 

This disease seriously reduces the yield of beans in many bean- 
growing areas. An unidentified bean mosaic occurs in Hawaii. 
Parris (177) discussed it briefly and its presence in Hawaii has 
also been noted by Martin (136, 137) in 1941 and 1942. According 
to a personal communication from members of the Departments of 
Vegetable Crops and Pathology, University of Hawaii Agricultural 
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Experiment Station, bean mosaic is of moderately common occur- 
rence in Hawaii, but usually does not cause serious crop losses. 


Insect vectors. The first record of bean mosaic transmission by 
means of insects was reported in 1922 by Nelson (153) who found 
that the potato aphid, Macrosiphum solanifolii, served as a vector. 
He failed to transmit the virus by means of -Empoasca fabae 
(Harris). Elmer. (58) in 1925 believed the mealy bug, Pseudococ- 
cus maritimus, was a vector, but this has not been well established 
although Fajardo (63) in 1930 reported transmission of bean 
mosaic by means of an undetermined species of mealy bug in addi- 
tion to Aphis rumicis, Myzus persicae and Macrosiphum solanifolit. 
In 1936 Zaumeyer and Kearns (250) reported studies conducted in 
Colorado where they obtained transmission with 10 of 11 species 
of aphids tested and failed to transmit the virus by means of 10 
species of insects other than aphids. The aphids found to transmit 
bean mosaic were: Aphis gossypii, Aphis medicaginis, Aphis 
rumicis, Brevicoryne brassicae, Rhopalosiphum pseudobrassicae, 
Myszus persicae, Macrosiphum solanifolu, M. pisi (Kalt.), Aphis 
spiraecola Patch, Hyalopterus atriplicis (Linn.) and Macrosiphum 
ambrosiae (Thomas). The first six species listed are known to 
occur in Hawaii at the present time. 


The aphid which failed to transmit bean mosaic was Neothomasia 
populicola (Thos.) collected from poplar. With the exception of 
Aphis medicaginis, which infected 44 per cent of the plants on 
which it was tested, all of the demonstrated aphid vectors trans- 


mitted the disease to over 50 per cent of the test plants. Rhopalosi- 
phum pseudobrassicae infected 100 per cent of the test plants upon 
which it fed. 


Soybean Mosaic 

Martin (136, 138) in 1941 and 1943 reported the occurrence of 
a soybean mosaic at Kailua and Waipio, Oahu. These are the only 
records of this disease in Hawaii and its identity is not known. A 
soybean mosaic was encountered in Indiana in 1920 (75). It was 
described as severely stunting and distorting the plants.. The petioles 
and internodes were shortened, the leaflets were small, misshapen 
and puckered with dark green puffy areas along the veins. The 
pods were stunted, flattened and more sharply curved than normal. 
Diseased plants remained green longer in the season suggesting 
delayed maturity. The virus was transmitted mechanically and by 
seed but no insects were tested as vectors. The disease was con- 
fined largely to the side of a field near a planting of garden beans 
which were affected with a mosaic disease. This suggests the pos- 
sibility that it may have been a bean virus which spread to soybean 
in this instance. 

Smith (215) reported that soybean is susceptible to pea enation 
mosaic virus (= Pisum virus 1). The symptoms were described as 
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“a mottled dark and light green mosaic pattern.” Zaumeyer (249) 
in 1938 listed soybean as a susceptible host of a pea streak virus 
which was carried by Macrosiphum pisi. However, the disease 
symptoms on soybean were not described. 


Pea Mosaic 

The exact identity of the pea mosaic which occurs in Hawaii has 
not been established, since no transmission experiments involving 
the disease have been reported from Hawaii. Parris (177) listed 
pea mosaic in Hawaii. His description of some of the mottle 
symptoms produced on garden pea (Pisum sativum) and sweet pea 
(Lathyrus odoratus) are characteristic of common pea mosaic virus 
(Marmor leguminosarum Holmes = Pisum virus 2 of Smith). 
However, the reference (166) cited by Parris regarding the vector 
applies to a distinct virus known as pea enation mosaic virus 
(Marmor pisi Holmes). 

In addition to the two pea viruses mentioned above, there have 
been at least three mosaic diseases of pea described as new in recent 
years (249), and several virus-induced pea streaks (46, 249). Fur- 
thermore, pea is a susceptible host for several other virus diseases 
which were described originally from other plant species (especially 
in the Leguminosae) in which they are more commonly encoun- 
tered in nature (124, 246, 251). 


Chamberlain (44) in 1936 cited literature to the vectors of pea 
mosaic. According to this author the following vectors have been 
determined: Macrosiphum pisi (227), Aphis rumicis and Rhopa- 
losiphum viciae (possibly = A. rumicis) (21), R. fabae (145), 
Myzus persicae (98) and Macrosiphum solanifolii (168). In New 
Zealand Chamberlain (44) transmitted a pea mosaic to several 
hosts by means of Myzus persicae, Macrosiphum solanifolii, and 
Aphis rumicis. 

Osborn (169) in 1937 reported transmission of pea virus 2 
(= pea mosaic virus, Marmor leguminosarum Holmes) by both 
nymphs and adults of Macrosiphum pisi, M. solanifolit and Aphis 
rumicis. Transmission was obtained by means of individual aphids 
as well as with larger numbers. These insects were shown to be 
able to acquire the virus during a feeding period of 5 minutes on 
diseased plants and were able to transmit the virus to healthy plants 
during a 5 minute period immediately following removal from the 
inoculum. None of the colonies retained the virus for more than 
1 hour when fed continuously on a healthy plant. However, Osborn 
states, “when held without access to food, the bean aphid was 
shown to retain the virus for 5 hours, the pea aphid for 8 hours, 
and the potato aphid in one instance for 24 hours.” 


Pea Enation Mosaic Virus (Marmor pisi Holmes) 
It is not known definitely that pea enation mosaic disease occurs 
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in Hawaii. However, since some of the early symptoms on some 
varieties may be confused with those produced by common pea 
mosaic, it is possible that the enation disease occurs here. In view 
of this fact and because of the unusual insect vector-virus rela- 
tionships involved, this disease will be discussed briefly. In addition 
to chlorotic mottling, this virus sometimes produces necrotic spots 
and enations on the lower surface of the leaves. Holmes (96) 
states that the pods become distorted and, in broad bean, striping 
as well as chlorotic spotting may occur on the leaves. Transmission 
experiments could easily yield information as to which virus occurs 
in Hawaii if there is only one, since pea enation mosaic virus pro- 
duces symptoms on the pea varieties Perfection and Horal which 
are resistant to common pea mosaic, Marmor leguminosarum (96). 

Bawden (9) lists Mysus persicae as a vector of pea enation 
mosaic virus but does not cite a reference to the publication which 
reported this aphid as a vector of the virus in question. 

Osborn (166, 167, 168) demonstrated that pea enation mosaic 
virus is transmitted by the pea aphid, Macrosiphum pisi, and the 
potato aphid, M. solanifolti, but not by Aphis rumicis. Both aphid 
species were unable to infect healthy plants until after a period of 
virus incubation in the vectors. The duration of this period varied 
considerably, but averaged about 12 hours for both species. In two 
colonies of the pea aphid, held at 80° to 90° F., the incubation 
period of the virus in the aphids was not less than 4 nor more than 
10 hours. At the other extreme, one of the colonies held on plants 


in a greenhouse in which the temperature varied from 64° to 70° F. 
showed an incubation period of not less than 72 nor more than 
96 hours. 


Both the pea aphid and the potato aphid were shown to retain 
the virus for extended periods of time after becoming infected. 
Infective colonies of pea aphids, when transferred daily to a suc- 
cession of healthy plants, retained the virus for 29 days. Single 
aphids were shown to retain the virus for 23 days. Potato aphids 
that acquired the virus from diseased broad bean, Vicia faba, re- 
tained the virus for as long as 21 days while feeding continuously 
on insusceptible tomato plants. 


Since practically all viruses transmitted by aphids require no 
incubation period in the vector or but a very brief one, and since 
such viruses are lost by their vectors soon after feeding on healthy 
plants, the definite and sometimes extended incubation period of 
pea enation virus in the pea and potato aphids, and the ability of 
these aphids to retain the virus for long periods of time, is of great 
interest. A large number of aphid species have not been tested as 
possible vectors of this disease. However, in view of the vector- 
virus relationship demonstrated, it is probable that the number of 
species capable of transmitting this virus will be small. 
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Crotalaria Mosaic 

Illingworth (97) in 1931 noted in a pineapple field in Hawaii, 
Crotalaria plants which showed marked mosaic and yellowing symp- 
toms. “Leaf mosaic” of Crotalaria was listed by Martin (136) in 
1941 from Kohala, Hawaii. The writer has observed a conspicuous 
mosaic on the same plant at Kailua, Oahu during 1945. 

The identity of the Crotalaria mosaic in Hawaii is not known. 

Johnson and Lefebvre (103) in 1938 reported a mosaic disease 
which appeared in the Crotalaria nursery at Arlington, Virginia. 
It was described as “a disease characterized by a general stunting of 
the plants, by mottling, blistering, and malformation of the leaves, 
and by abnormally stimulated lateral branching or witch’s broom- 
ing.” This virus was transmitted by juice inoculation to broad bean, 
Vicia faba. No transmission by insects was reported. These authors 
refer to a report published in 1927 indicating that a witch’s broom 
disease of Crotalaria was found in Java which was considered to 
be of a virus nature and assumed to be spread by insects. 

It is possible that Crotalaria mosaic virus is a strain of one of the 
cucumber, bean or pea viruses which include several legumes among 
their susceptible host species. 


Peanut Rosette 

Nothing is known of peanut rosette in Hawaii except that such 
a disease occurs here. Martin (136, 137) listed it as occurring at 
Kailua, Oahu in 1941 and in several places on Oahu in 1942. 

Holmes (96) classified a peanut rosette virus as Marmor ara- 
chidis. 

Storey and Bottomley (223) in 1928 reported that rosette is a 
destructive disease of peanuts in South Africa and that a similar 
disease occurs in tropical Africa, Java and India. It was reported 
to be transmissible by grafting but not through the seed or by 
mechanical inoculation. The plant may be severely altered by the 
virus due to chlorosis, stunting and malformation of the leaflets. 
Sometimes the entire plant may appear as a tuft of small curled 
leaves. The first evidence of infection was described by Smith 
(215) as a faint mottling of the youngest leaves. Plants showing 
distinct mosaic symptoms usually are not severely stunted. 

Three distinct graft-transmissible strains of the virus were re- 
ported by Hayes (86) to exist in the Gambia. Chlorosis rosette 
caused the young leaves to be flaccid and develop yellow patches 
which later appeared as a light green mottle. Green rosette pro- 
duced no chlorosis and the leaves were darker in color than normal. 
Rosette type No. 3 did not affect the normal color of the leaves but 
caused them to be smaller and thicker than normal. The stems were 
much thickened and each branch curved in a clockwise direction. 
Smith (215) considers it possible that Hayes’ chlorosis rosette and 
green rosette may be due to two distinct viruses since both may 
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be put in the same plant without exhibiting any cross immunity. 
Hayes’ report also indicated that the presence of weeds or close 
spacing of the plants resulted in less spread of rosette. The reason 
for this effect was not determined but it was suggested that with 
increased vegetative ground cover there was less evaporation from 
the soil resulting in more dew formation which may have affected 
the habits of the insect vector or the physiology of the plant. 


Insect transmission of rosette was accomplished by means of 
Aphis laburni Kalt. (= A. leguminosae Theob.) in South Africa, 
but 13 species of leafhoppers failed to transmit the disease (221, 
223). 

Since the disease is reported to be non-transmissible through the 
seed or by juice inoculations, and since the only demonstrated 
vector, Aphis laburni, is not known to occur in Hawaii, it is prob- 
able that additional species are capable of transmitting the virus. 
In Hawaii Aphis medicaginis and A. rumicis would be logical 
suspects. 


Peanut Mosaic 


Martin (136) in 1941 recorded peanut mosaic from Kailua, 
Oahu where peanut rosette was also noted. No peanut mosaic has 
been reported in the literature as a distinct disease. However, 
Smith (215) pointed out that the first symptoms of rosette consist 
of a leaf mottle. Furthermore, some plants exhibit a pronounced 
mosaic pattern in the leaves and only a limited amount of stunting. 
In view of these circumstances it is possible that the mosaic of 
peanut recorded by Martin was caused by the peanut rosette virus 
complex. Nevertheless, it may also be that a mosaic-inducing virus 
exists which is distinct from the rosette virus. Diseases which are 
characterized by great diversity of symptoms in the same host plant 
frequently prove to be due to a complex of related or unrelated 
virus strains which may be transmitted in varying proportions at 
different times and under different conditions. 


Pepper Mosaic 

Parris (146) in 1941 and Martin (136, 137, 138) in 1941, 1942 
and 1943 reported mosaic on pepper in Hawaii. Although pepper 
mosaic in the Territory has received only occasional and brief 
notation in the literature, it is a very common disease. During the 
past two years the writer has seen several plantings on Oahu in 
which approximately 50 per cent of the plants were infected. 

The viruses responsible for pepper mosaic in Hawaii and their 
insect vectors have not been determined. This disease is usually 
attributed to tobacco mosaic virus which, according to Holmes 
(96), causes “yellowish primary lesions followed by systemic chlo- 
rotic mottling.” Cucumber mosaic virus, southern celery mosaic 
strain, also causes symptoms in pepper which are described by 
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Holmes (96) as “mild mottling and grayish discoloration of leaves, 
malformation of fruit, stunting of plant.”” Symptoms of both gen- 
eral types have been observed in Hawaii. 


Eggplant Mosaic 

In 1942 Martin (137) reported “common mosaic” on eggplant 
at Ewa, Oahu. I have been informed by members of the Vegetable 
Crops Department of the University of Hawaii Agricultural Ex- 
periment Station that a mosaic on eggplant has been noted on Oahu 
on several occasions during recent years. The identity of this disease 
is not known. Eggplant (Solanum melongena) has been used in 
relatively few virus studies. Harter (85) in 1938 reported it sus- 
ceptible to cucumber mosaic virus, lima-bean mosaic strain (Mar- 
mor cucumeris var. phageoli of Holmes). This virus strain is trans- 
mitted by Aphis gossypii and Myzus persicae. Black (15) in 1938 
listed eggplant as a susceptible host of potato yellow-dwarf virus, 
which is not known to occur in Hawaii. Holmes (96) lists eggplant 
as susceptible to tobacco mosaic virus, tomato spotted wilt virus and 
tobacco ringspot virus. 


Tomato Fern Leaf 

The disease in tomatoes known as fern leaf is caused by the 
presence in tomatoes of the common cucumber mosaic virus. This 
disease is characterized by stunting of the plant and particularly 
by reduction or absence of the lamina of the leaves leaving filiform 
or “shoestring” leaflets. 

Smith (215) stated that these symptoms may be produced also 
by tobacco mosaic virus (tomato mosaic virus) under conditions of 
low temperature and especially of low light intensity. However, 
Mogendorff (147) in 1930 reported the results of extensive experi- 
ments on the fern leaf problem which do not agree with those 
reported by Smith. Mogendorff (147) stated that “typical fern- 
leaf symptoms could not be produced with the ordinary tobacco- 
mosaic or tomato-mosaic virus (Tobacco virus 1) under any of the 
environmental conditions to which the infected host was submitted.” 
He found further that fern leaf was produced only irregularly on 
tomato by cucumber mosaic virus (Cucumber virus 1) if the infec- 
tion had been accomplished by mechanical means. However, fern 
leaf could be produced regularly and at will if young tomato plants 
were infected with cucumber mosaic virus by means of the green 
peach aphid, Myzus persicae. The production of fern leaf symp- 
toms was also found to depend upon (a) the atmospheric tempera- 
ture and (b) the age of the plants at the time they are infected. 
The optimum atmospheric temperature for the expression of symp- 
toms was found to lie between 18° and 22° C., with an approximate 
minimum temperature of 15° C. and an approximate maximum of 
25° C. Moreover the tomato plants had to be infected while they 
were still small if typical fern leaf symptoms were to develop. 
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Although several different species of aphids have been demon- 
strated to transmit cucumber mosaic, reports of experiments spe- 
cifically designed to study fern leaf in tomatoes have not been 
encountered in which aphids other than Myzus persicae were used 
as the vectors. The fact that Mogendorff found fern leaf could be 
induced readily by aphid transmission of the virus but only irregu- 
larly when the tomato plants were artificially inoculated, is of 
interest. 

Parris (177) reported this disease as being very common in 
Hawaii. Members of the Vegetable Crops Department of the Uni- 
versity of Hawaii Agricultural Experiment Station have informed 
the writer that the occurrence of tomato fern leaf in Hawaii has 
been found to be sporadic. The greatest amount appears during 
the winter months as would be expected in view of Mogendorff’s 
findings regarding temperature and light. 


Tobacco and Tomato Mosaic 

Synonyms: ‘Tobacco mosaic virus, tomato mosaic virus, pepper 
mosaic virus. 

Mosaic has been known to occur in Hawaii since 1919 when it 
was recorded on tobacco (Nicotiana tabacum) by Carpenter (32). 

This virus is of importance not only because of the economic 
losses which have resulted from the disease it causes, but also be- 
cause it has figured so prominently in the research on the nature of 
viruses. The first published record of experimental transmission 
of a virus disease was by Iwanowski in 1892 who reported that 
sap of tobacco plants showing mosaic symptoms infected healthy 
plants after the sap had passed through a bacteria-proof filter. 

Working with this same virus, Stanley (218) in 1935 succeeded 
in isolating and crystallizing the tobacco mosaic virus in what has 
been considered to be pure or nearly pure form. 

There are several strains of tobacco mosaic virus which produce 
different symptoms in the tobacco plant. The strain which has re- 
ceived most investigation and which is of greatest economic impor- 
tance is one which we speak of as common tobacco mosaic or tomato 
mosaic. This is an exceedingly infectious virus and can be trans- 
mitted to healthy plants in various ways such as by leaf contact, 
contaminated tools, clothing or other articles, and through the soil. 
It withstands drying in tobacco leaves for years without losing 
the ability to infect healthy plants. 

Despite the highly infectious nature of tobacco mosaic virus, it 
has proved to be one of the most difficult of all viruses to transmit 
by means of insects. Cleveland (47) in 1931 listed Thrips tabaci, 
Epitrix cucumeris and Tetranychus telarius as probable (though 
unimportant) vectors of tomato mosaic virus. These conclusions 
were based on the abundance of the species in the field and on a 
limited number of vector tests. In view of present knowledge 
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concerning the transmission of this virus, it is highly improbable 
that these species actually are vectors. For many years it was 
assumed that aphids were largely responsible for the spread of 
tobacco mosaic in the field. However, Hoggan (91, 93) in 1931 
and 1934 demonstrated that aphid transmission of this mosaic was 
infrequent when compared with many other aphid-transmitted 
mosaics. She worked with Myzus pseudosolani, Myzus persicae, 
Myzus circumflexus and Macrosiphum solanifolii. According to 
these experiments the aphids consistently failed to transmit the 
virus from tobacco to other hosts. However, transmission was 
obtained with some regularity from tomato to tobacco and other 
solanaceous hosts. Transmitting efficiency of three species was 
determined by transferring known numbers of aphids from diseased 
Lycopersicon pimpinellifolium (93) to hybrid plants of Nicotiana 
tabacum x N. glutinosa and counting the number of local lesions 
of tobacco mosaic produced on the hybrid host. This experiment 
demonstrated that, “with Myzus pseudosolani, about 1 aphid in 129 
caused infection; with Macrosiphum solanifolii about 1 aphid in 
140; and with Myzus persicae about 1 aphid in 800 or more.” Com- 
parative tests in the transmission of a crucifer virus and sugar beet 
mosaic virus indicated that approximately 1 aphid in 4 or 5 of 
Myzus persicae served as a vector. 

Hoggan’s experiments were very significant in that they demon- 
strated the importance of a particular host species being used as the 
source of the virus in studies of insect transmission. 

Parris (177) in 1938 stated that mosaic is the most prevalent 
tomato virus disease in Hawaii. Of great concern to tomato grow- 
ers in Hawaii and in other parts of the world is the role of insects 
in spreading the tobacco mosaic virus from tomato to tomato as 
tomato mosaic. While Hoggan’s experiments demonstrated the 
ability of Macrosiphum solanifolii to transmit mosaic from tomato 
to tobacco and some other hosts, no experiments have been reported 
in the literature on the insect transmission of this disease from 
tomato to tomato. It is conceivable that if aphids can acquire the 
virus from tomato. more readily than from other host plants, they 
may also be able to infect tomato with greater efficiency than other 
plants. 

Hoggan (93) concluded that it “seems unlikely that any appre- 
ciable amount of dissemination of tobacco mosaic may be brought 
about by aphids, except perhaps from tomato.” 

In 1937, Chamberlain (45) reported that attempts to transmit 
mosaic from tobacco, tomato and black nightshade to tobacco by 
means of Myzus persicae, M. solani and Macrosiphum solanifolti 
were unsuccessful in New Zealand. Failure to duplicate Hoggan’s 
results may have been due to differences in technique or possibly 
even to inherent differences in the transmitting ability of the aphid 
stocks used. 
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In 1934 Chamberlain (41) had reported that in New Zealand 
healthy tomato plants growing next to infected ones did not become 
infected with mosaic even though the plants had carried many 
Macrosiphum solanifolii and Myzus solani early in the season. 
Absence of rapid spread in a restricted local situation such as re- 
ported by Chamberlain does not warrant the conclusion that aphids 
do not play an important role in the spread of tomato mosaic. The 
evidence seems convincing that this virus is rarely transmitted by 
aphids from hosts other than tomato and in all probability spread 
of the disease by aphids from tomato to tomato is at a relatively low 
rate when compared with most aphid-transmitted viruses. Never- 
theless, even an inefficient vector may be responsible for serious 
crop losses from virus diseases when the vector occurs in large 
numbers as does Macrosiphum solanifolii in many tomato fields in 
Hawaii during the cooler months of the year. Such a vector may 
do its greatest damage by establishing new and scattered foci of 
infection in a field or region. Even though the number of plants 
infected by the aphids may be relatively low, the disease may 
thereby become widely scattered and result in subsequent spread to 
surrounding plants by more efficient means of transmission such 
as leaf contact, or contamination of clothing, tools and machinery. 

There is a definite need for determining the role of aphids in the 
spread of tomato mosaic in Hawaii. 


Tomato Streak 


This virus disease of tomatoes was reported by Parris (177) 
to be present in Hawaii. He also described the disease symptoms. 
According to information received from the Vegetable Crops De- 
partment of the University of Hawaii Agricultural Experiment 
Station, this disease, though present, is not common in Hawaii. 
Smith (215) calls this virus Lycopersicum virus 1 and states that 
it is similar to, but distinct from, tobacco mosaic virus. Parris 
(177), on the basis of a report by Jones and Burnett (108), de- 
scribed it as a combination of tomato mosaic virus and potato 
mottle or X virus in tomato. However, Holmes (96) treats it as 
a single strain of tobacco mosaic. It has not been shown to be 
transmissible by insects. However, if ordinary tomato mosaic 
(tobacco mosaic) is a component part, this portion could be trans- 
mitted by the aphid vectors reported for tobacco mosaic. 


Tomato Mottle Mosaic 

This disease, characterized by faint interveinal mottling and some 
necrotic spots on the leaves, was reported by Parris (177) to occur 
in Hawaii but it is not common.’ It was reported (177) to be 
caused by the potato mottle virus (X virus) in tomato. No insect 
vector is known. 





591 


Tomato Spot Necrosis 

Parris (177) listed this disease as occurring in Hawaii. However, 
it is not considered common in the Territory. According to Jones 
and Burnett (108) it is caused by the presence in tomato of rugose 
mosaic virus of potato. Rugose mosaic is produced by a combina- 
tion of potato mottle virus (potato latent or X virus) and the 
veinbanding virus described by Dykstra (55). A similar disease of 
tomatoes produced by potato mottle virus in combination with a 
strain of tobacco mosaic virus is described by Holmes (96). 
Tomato spot necrosis has not been demonstrated to be insect trans- 
missible although one of its components, veinbanding, is readily 
transmitted by Myzus persicae and Macrosiphum solantfolit (113). 


Tomato Veinbanding Virus 

This is the component of rugose mosaic of potato which is 
transmitted by Myzus persicae and Macrosiphum solanifolii (113). 
Parris (177) recorded its occurrence in Hawaii and stated that its 
detrimental effect on the plant is of minor importance. 


Tomato Aucuba Mosaic 
Parris (177) reported aucuba (yellow) mosaic of tomato in 
Hawaii but it is not common. No insect vectors are known. 


Spotted Wilt 
(Caused by spotted wilt virus, typical strain, Lethum australiense 
var. typicum Holmes) 

Synonyms: Pineapple yellow spot virus, Ananas virus 1, Tomato 
virus 1, Lycopersicum virus 3, Kromnek disease virus of tobacco 
and tomato, “Vira-Cabeca” virus of tobacco and tomato, “Corcova” 
virus of tobacco and tomato. 

Spotted wilt is an important virus disease in many parts of the 
world. Since its discovery in Australia (31) it has been reported 
from all of the main regions of the world except the Orient. 
Norris (157) in 1943 reported the presence in Australia of three 
strains of spotted wilt virus. These were designated as mild strain, 
ringspot strain and necrotic strain. The necrotic strain was purified 
and Norris stated that it appeared to be identical with the virus 
described from Oregon by Milbrath (146) in 1939, as tomato tip 
blight. Holmes (96) lists tip blight as a distinct strain of spotted 
wilt. 

Insect transmission. Sakimura (200) in 1940 presented a review 
of the literature published up to 1939 on spotted wilt with particular 
reference to the insect vectors. Pittman (187) in 1927 reported 
transmission of spotted wilt virus in Australia by means of Thrips 
tabaci. Samuel et al. (201) and Bald et al. (8) in 1930 and 1931 
demonstrated that the virus was transmitted in Australia by two 
species of thrips. One is a species of Frankliniella, listed in most 
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literature as F. insularis Franklin. The other is Thrips tabaci. The 
identity of the Frankliniella species has been the cause of much 
confusion. Samuel et al. (201) reported that the species used in 
their transmission test was identified by Dr. G. D. Morison as 
Frankliniella insularis. However, other material from the same 
source was sent to A. A. Girault in Queensland who described the 
thrips as a new species, Parafrankliniella nigripes, in 1928. Girault’s 
description was ignored and, when the fact became apparent that 
the use of the name insularis was based upon a misidentification, 
Andrewartha (5) in 1937 described the species as new under the 
name F. lycopersici. This latter name was used by Sakimura 
(200), Leach (122) and others. However, since the species was 
validly described as nigripes by Girault in 1928, the name lycoper- 
sici And., applied in 1937, must be considered a synonym. The 
common spotted wilt vector of Australia is therefore F. nigripes 
(Girault) as listed by Essig (61) in 1942. 

Samuel et al. (201) and Bald et al. (8), in addition to determin- 
ing two vectors of spotted wilt virus, also reported on the unusual 
specific relationships which exist between the virus and the vectors. 
The virus must be acquired by the thrips while the latter are still 
in the larval stage. The virus is retained through pupation, and the 
emerging adults may serve as vectors. If the adult stage has been 
attained before the thrips are permitted to feed on virus inoculum, 
they are incapable of serving as vectors. 

Linford (125) in 1932 reported transmission of yellow spot of 
pineapple in Hawaii by means of 7. tabaci. At the time this work 
was done, the coidentity of yellow spot and spotted wilt was not 
known although Linford noted that the peculiar relationship of the 
virus to the vector (which he discovered independently) was the 
same as that existing between spotted wilt and its vectors. The 
virus has a relatively long incubation period in the vectors, varying 
from 5 to 10 days. In Hawaii this was found by Linford to be 
approximately 10 days in T. tabaci. - 

Bailey (6) in 1935 reported that T. tabaci in Hawaii was found 
by Dr. Carter to retain the virus for about 30 days during adult life. 

Smith (211, 213) in 1931 and 1932 demonstrated that T. tabaci 
is the vector of spotted wilt in England. Gardner et al. (76, 77, 
78) in 1934, 1935 and 1937 reported transmission of spotted wilt 
to a large number of plant species in California by means of 
T. tabaci and Frankliniella moultoni Hood. In 1936 Essig and 
Michelbacher (62) and in 1942 Essig (61) cited F. occidentalis 
Perg. as a vector in California. Sakimura (200) reported that he 
had been informed in private correspondence from Dr. S. F. Bailey, 
of the University of California, that the inclusion by Essig and 
Michelbacher of F. occidentalis Perg. in the place of F. moultoni 
Hood “is a matter of different view on the classification of the 
species.” 
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Moore and Anderson (148, 149) in 1933 and 1939 discussed 
Kromnek disease of tobacco and tomato in South Africa where 
transmission was obtained by means of Frankliniella schultzei and 
T. tabaci. These authors stated (149) that the virus is probably 
identical with spotted wilt of Australia, Europe and America. 
Carter (37) in 1939 reported his observations on the Kromnek 
disease of South Africa. Here he found, in fields surrounded by 
Kromnek-diseased weeds, symptoms on pineapple, indistinguish- 
able from yellow spot of pineapple in Hawaii. F. schultzei, vector 
of Kromnek disease, was also found in the flowers of pineapple. 

Silberschmidt (207) in 1937 announced that Dr. Santos Costa 
had obtained transmission of ‘Vira-Cabeca” disease of tobacco 
in Brazil by means of tabaci and Frankliniella sp. Sakimura 
(200) quoted personal correspondence regarding the identity of 
the Brazil disease and its vector as follows: “Dr. A. S. Costa... 
recently informed the writer that the virus of ‘Vira-Cabeca’ of 
tobacco and tomato, widely distributed in Brazil, has been proven 
to be identical with S. W. (spotted wilt) virus; that the vector is 
a species of Frankliniella, possibly F. paucispinosa Moulton, which 
is also known to be the vector of ‘Corcova’ of tobacco and tomato 
in Argentina.” 

In 1938 and 1940 Fawcett (64, 65) reported transmission of 
“black pest” of tomatoes (“Corcova”’ disease of tobacco) in Argen- 
tina by means of F. paucispinosa, and stated the disease appeared 
to be identical with spotted wilt. The same author announced (65) 
that “Vira-Cabeca” of Brazil appeared to be identical with “Cor- 
cova” of Argentina. 

Host range of spotted wilt virus. The host range of this virus is 
very large. Smith (215) listed over 100 susceptible species which 
occur in 23 different families. Most of them occur among the 
dicotyledons but some are monocotyledonous species. More host 
plants of the virus have been found in the Solanaceae than in any 
other family. In tomato, the disease is very destructive in several 
parts of the world. 

In Hawaii, Kikuta e¢ al. (112) in 1945 announced the develop- 
ment of a tomato variety, Pearl Harbor, which is resistant to 
Hawaiian spotted wilt. However, they suggest that preliminary 
tests with the Pearl Harbor variety in other parts of the world 
indicate it may not possess resistance to some strains of the spotted 
wilt virus. 

In peas, spotted wilt virus causes streaking and necrosis of pods, 
stems and leaves. In 1931 Linford (124) transmitted pineapple 
yellow spot virus from Emilia sonchifolia to peas by means of 
T. tabaci and noted that the symptoms appeared to be identical with 
the pea streak he had observed at various localities across the 
United States. He suggested that the pea streak on the mainland 
was caused by the same or a related virus. At the time of this 
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report the coidentity of yellow spot and spotted wilt had not been 
established. In 1936 Whipple (239) transmitted spotted wilt to 
peas by 7. tabaci and obtained typical pea streak symptoms. 


Yellow Spot of Pineapple 
(Caused by spotted wilt virus in pineapple) 

This disease, first reported publicly by Illingworth (97) in 1931, 
was discovered in Hawaii in 1926. Its sudden appearance, rapid 
spread in some areas during the first fev: years, and the destructive 
effect produced on the pineapple plant appeared to mark this disease 
as a major pineapple problem. The steps leading to the determina- 
tion of the insect vector of the disease in Hawaii constitute an 
interesting record since it provides an instance in which the prob- 
able identity of the vector group was established before the vector 
had actually been observed as a pineapple inhabiting insect. The 
procedure has been discussed by Illingworth (97) and Linford 
(125). Illingworth carried out preliminary exploratory experi- 
ments in search of the vector. The investigations which established 
the identity of the vector were conducted by Linford. Undeter- 
mined Nysius, aphids, leafhoppers, thrips, chironomid maggots, 
nitidulid beetles, spring tails, red spiders, tarsonemid mites as well 
as the pineapple mealy bug, bud-moth caterpillars and Scolia 
- manilae Ashm. wasps were tested without success by Illingworth 
(97). Dr. R. N. Chapman (97, 125) then discovered microscopic 
insect punctures associated with the yellow spot symptom on the 
pineapple leaves. These were first assumed to be the feeding punc- 
tures of a relatively large sucking insect. However, Linford (125) 
discovered that the punctures represented the oviposition site of a 
small insect as evidenced by the finding of egg membranes in the 
reniform cavities beneath the’ surface openings. The only insects 
which seemed to fit the specifications for such a puncture were 
‘thrips. This was demonstrated subsequently by the findings of 
unhatched eggs, from which thrips emerged, in pineapple leaves 
taken from a disease-infected area. As these investigations were 
proceeding, another host plant of the virus was also being sought. 
The presence of a similar disease on Emilia sonchifolia in infected 
areas resulted in the investigation of this plant, its virus disease and 
the thrips, Thrips tabaci, which infested it. Proof of the vector’s 
identity was established soon thereafter. When thrips were trans- 
ferred from diseased Emilia to healthy pineapple, typical yellow 
spot disease was transmitted. 

In addition to sonchifolia, Emilia species designated as Emilia 
No. 3 and Emilia No. 4 have been reported by Sakimura (198) to 
serve as host plants for the virus and for the thrips vector in 
Hawaii. Other host plants of Thrips tabaci in Hawaii and its life 
history on Emilia sonchifolia have been reported by Sakimura 
(197). 
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Sakimura (199) in 1940 demonstrated in a long series of tests 
that Thrips nigropilosus Uzel is not able to transmit spotted wilt 
virus (yellow spot virus) in Hawaii. Preliminary transmission 
tests with Hercinothrips femoralis (Reuter) were also negative 
(199). 

The fact that the yellow spot disease did not become a limiting 
factor to pineapple production as had been feared, but has remained 
a minor problem except for occasional outbreaks, is due to the host 
plant preference shown by the vector as discussed by Carter (35, 
38). Pineapple normally is not a host of Thrips tabaci which, in 
Hawaii, breeds preferentially on Emilia. Furthermore, Carter (38) 
reported that “Incidence of yellow spot disease in pineapple is not 
correlated with Thrips tabaci populations on Emilia in nearby areas. 
This is accounted for on the grounds that Emilia is a favored host 
from which dispersal does not normally occur.” Factors which may 
be responsible for the occasional sporadic movement of thrips from 
infective Emilia to pineapple plants are destruction of the Emilia 
by means of cultivation or drought (38). 

Although the possibility was considered for some time that 
tomato spotted wilt virus and pineapple yellow spot virus were the 
same, their coidentity was not well established until 1940 when 
Sakimura (200) and Parris (181) published results of their in- 
vestigations in Hawaii. By means of Thrips tabaci, Sakimura 
transmitted yellow spot virus to and from spinach, broad bean, 
celery, potato, eggplant, bell pepper, tomato, tobacco, Nicotiana 
glutinosa L,., Datura stramonium L,., petunia, chicory, endive and 
lettuce, all of which are known to be susceptible to the spotted wilt 
virus. The symptoms produced were identical with those recorded 
for spotted wilt. Plants known to be immune from spotted wilt 
virus were also found to be immune to yellow spot virus. 

Parris (181) transmitted the tomato spotted wilt virus mechan- 
ically from tomato to tomato and potato and from Emilia sonchi- 
folia to’ Emilia and tomato. On the basis of host range and 
symptoms, he concluded that tomato spotted wilt and pineapple 
yellow spot were probably caused by the same virus. 

The joint study of this problem by Sakimura and Parris was 
undertaken after an outbreak of a tomato disease, which appeared 
to be identical with spotted wilt (176), occurred in Hawaii in 1937. 
This situation provided the opportunity and need for determining 
the relationship of pineapple yellow spot and tomato spotted wilt. 
Tomato Tip Blight 

Synonyms: Tomato spotted wilt virus, tip blight strain (Lethum 
australiense var. lethale Holmes). 

Martin (138) in 1943 reported the presence in Hawaii of a 
tomato disease which he considered distinct from spotted wilt and 
believed would prove to be tomato tip blight as reported by Mil- 
brath (146) in 1939 in Oregon. The properties of the virus were 
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studied by Milbrath (146), who considered the disease to be new. 
Transmission was obtained by means of Thrips tabaci (146). 

The writer is following Holmes (96) and Norris (157) in classi- 
fying this as a strain of spotted wilt virus. Norris studied three 
strains of tomato spotted wilt virus in Australia, one of these, 
designated as necrotic strain, was discussed by Norris in part as 
follows: “This strain appears to be identical with the virus de- 
scribed by Milbrath in Oregon as tomato tip blight. The symptoms 
produced on tomato, tobacco, and other hosts correspond closely. 
In Oregon this necrotic strain was apparently separated out by 
chance from the others, but its occurrence in close association with 
ordinary spotted wilt was observed. Milbrath also noted that occa- 
sionally both viruses occurred together in tomato. In such cases it 
would appear that other strains were present but that the necrotic 
strain occurred in very high concentration.” 

The fact that tomato tip blight is transmitted by- Thrips tabaci, 
suggests strongly that the affinity of this virus and that of spotted 
wilt is exceedingly close, because this thrips species has not yet been 
incriminated as a vector of any virus proven to be outside of the 
spotted wilt complex. 


Potato Virus Diseases in Hawaii 

Virus diseases, if prevalent in potato plantings, seriously reduce 
the crop yields in quantity. Parris (176, 177) reported figures on 
yield reduction in Hawaii due to the use of virus diseased seed 
stock. Dr. W. A. Frazier, of the University of Hawaii has in- 
formed the writer™ that in Hawaii potato losses due to virus 
diseases are not ordinarily very serious in areas where mainland- 
grown certified seed is used. However, the practice of some farmers 
of using seed grown locally often results in very serious losses due 
to potato viruses. This is due to the fact that potato viruses are 
transmitted through the tubers. If disease-free seed is used in 
Hawaii, most of the plants escape virus infection until late in the 
season when it is too late for the virus to injure the crop materially. 
However, before they are harvested, many normal-appearing tubers 
may contract virus infection. When such tubers are used as seed 
for subsequent crops a number of diseased plants are produced 
early in the season. These provide sources of infection from which 
insect vectors may transmit the viruses to surrounding healthy 
plants. Seed stock should therefore be obtained from areas which 
are relatively free from potato virus diseases. 

Although no transmission experiments involving potato viruses 
have been reported in Hawaii, Parris (177) listed the following 
diseases as occurring in the Territory: mottle, mild mosaic, crinkle 
mosaic, leaf rolling mosaic, veinbanding, rugose mosaic, and leaf 
roll. 


11 Personal communication. 
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Potato Mottle Virus 

Synonyms: Latent virus; “healthy potato virus”; Virus X. 

Dykstra (55) in 1939 reviewed the literature on this—the most 
ubiquitous of all potato viruses known. It has been shown to be 
present in masked form in all the tubers of most, and perhaps all, 
of the commonly used varieties of “apparently healthy” potatoes. 
In Europe this virus has been found to produce a mild form of 
mottling in some varieties. 

Dykstra (55) transmitted this virus to Amaranthus retroflexus 
and stated, “This is believed to be the only potato virus that has 
been successfully transmitted to plants outside the Solanaceae.” 
Alone or in combination with other viruses it causes diseases of 
potato, tomato, pepper and other plants. 

Holmes (96) classifies this virus into three strains, (a) potato 
ringspot strain, which is masked in potato but produces systemic 
necrosis and ring shaped lesions on tobacco and pepper ; (b) yellow- 
mottle strain, which imparts a yellow cast to potato foliage and 
in tomato causes yellow-mottling mosaic and occasional necrosis of 
the young leaves (see tomato mottle mosaic) ; (c) masked-mottle 
strain, which produces symptomless systemic infection in potato, 
tobacco and Datura stramonium, but which produces systemic 
necroses in pepper. 

No insect vector has been found capable of transmitting any of 
the strains of potato mottle virus. 


Potato Mild Mosaic 


According to Dykstra (55) the mild mosaic virus, in the absence 
of the mottle or X virus, causes only a very faint mottling in the 
potato foliage. However, in combination with virus X (which 
alone shows no symptoms in many potato varieties) mild mosaic 
produces a pronounced mottling and crinkling of the foliage. Ac- 
cording to Parris (177) plants produced from tubers infected with 
mild mosaic may die prematurely. 

Holmes (96) listed Aphis rhamni B. de Fonsc. (= A. abbre- 
viata Patch) and Myzus persicae as the vectors of potato mild 
mosaic. However, Dykstra and Whitaker (57) in 1938 reported 
experiments which demonstrated that this virus can be transmitted 
by Myzus persicae, M. circumflexus, M. solani, and Macrosiphum 
solanifoli. 

Reports from the Vegetable Crops Department of the University 
of Hawaii Agricultural Experiment Station indicate that this virus 
is common in some potato plantings in Hawaii. 


Potato Crinkle Mosaic 


This disease is similar to mild mosaic but differs in that the 
leaflets are more ruffled and the mottle areas are larger. Like mild 
mosaic and rugose mosaic it is a composite disease composed of 
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the mottle or X virus and at least one other component. When 
X virus is removed, the remaining component causes only a faint 
mottling. When X virus is added, the mottling becomes pronounced 
and the leaves become crinkled (55). 

Dykstra and Whitaker (57) reported transmission of crinkle 
mosaic free from X virus by means of the same aphids which 
transmitted mild ‘mosaic, i.e. Myzus persicae, Myzus solam, M. 
circumflexus and Macrosiphum solanifolii. As in the case of mild 
mosaic and rugose mosaic, the aphids transmitted not the disease 
as named, but only one component since X virus, the other neces- 
sary component, is not transmitted by insects. The percentage of 
positive transmission varied from 0 to 100 per cent in different 
experiments. 


Potato Leaf Rolling Mosaic 

This disease discussed by Smith (215) under the name Solanum 
virus 11, is characterized by a diffused mottling and an upward 
rolling of the leaves which are flaccid and resemble the rolling of 
leaves on plants affected with Rhizoctonia or blackleg (55, 215). 
It differs from leaf roll in that the plants are not dwarfed and the 
leaves are not tough. Schultz and Folsom (203), who originally 
described the disease, reported transmission by means of unspeci- 
fied aphids. No report of insect transmission has been published 
by other workers. 


Potato Veinbanding Virus 

Holmes (96) classifies this virus as cucumber mosaic virus, vein- 
banding strain. 

Smith (215) lists veinbanding virus, potato virus Y and stipple 
streak virus as synonyms of Solanum virus 2. Dykstra (55), how- 
ever, treats veinbanding, Y and stipple streak viruses as related but 
distinct strains. 

Veinbanding is transmitted by Mysus persicae, M. solani, M. cir- 
cumflexus, and Macrosiphum solanifolii (57, 113). This virus is 
characterized by crinkling and downward curling of the leaves. The 
veins of older leaves become necrotic. Diseased plants:are stunted 
and usually die prematurely (55). This virus in combination with 
the potato mottle or X virus produces rugose mosaic of potato 


(55). 


Potato Rugose Mosaic 

This disease is the result of the presence in potato of mottle or 
X virus and the veinbanding virus. Since the X virus component 
of rugose mosaic is not transmitted by insects, the records of insect 
transmission of rugose mosaic actually refer to transmission of the 
veinbanding component (see “Veinbanding Virus”). However, the 
almost universal occurrence of mottle or X virus in potato means 
that whenever veinbanding virus is transmitted to a potato plant, 
the resultant disease will probably be rugose mosaic. 
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According to Smith (215), the characteristics of this disease are: 
mottling of the upper leaves and dark, necrotic veins on the lower 
leaves, and crinkled and rugose foliage. Severely affected plants are 
stunted and the tubers are small. The mottle symptoms may be 
masked by high temperatures, but the rugosity and stunting persist. 

This disease is sometimes serious in Hawaii. 


Potato Leaf Roll 

Potato leaf roll is considered by Smith (215) to be the principal 
cause of potato degeneration in several parts of Europe and the 
British Isles. It is also common in some parts of North America. 
In Hawaii, leaf roll has not been a serious problem. 

The symptoms of leaf roll make it relatively easy to identify. 
The leaves of diseased plants are rolled, thick, rigid and leathery. 
This is reportedly due to an abnormally high starch content which, 
in turn, results from prevention of normal food translocation in 
the plant because of phloem necrosis in the stems. Affected plants 
are dwarfed and tubers are reduced in size and number. This virus 
has not been found to be transmissible by mechanical means. 

Insect transmission. Many workers have reported insect trans- 
mission of leaf roll and the accounts are sometimes conflicting. 
Vectors have been reported as follows: Aphis rumicis L. and 
Myszus persicae by Ortwijn Botjes (165) in 1920; Calcoris bipunc- 
tatus, a plant bug, and Typhlocyba ulmi (Linn.), a leafhopper, by 
Murphy (151) in 1923; Macrosiphum solanifolti and Myzus pseu- 
dosolani by Murphy and McKay (152) in 1929; Myzus persicae, 
M. pseudosolani, Aphis rhamni, Eupteryx auratus, Lygus sp., Psyl- 
liodis affinis, and the larvae of Tipula paludosa by Elze (59) in 
1927, the last species being listed as an underground vector ; Macro- 
siphum solanifolii, Myzus persicae and Empoasca fabae by Cleve- 
land (47) in 1931 with the latter two species listed as the main 
vectors in Indiana. Smith (210, 212, 215) in 1929, 1931 and 1934 
failed to transmit the virus by means of Calcoris bipunctatus, 
Lygus pabulinus, Eupteryx auratus, Chlorita viridula, Psylliodis 
affinis, and Macrosiphum gei, (= solanifolii) but obtained trans- 
mission with Myzus persicae, M. pseudosolani and M. circum- 
flexus. 


This disease is of singular interest because of the unusual rela- 
tionship known to exist between the virus and Myzus persicae, one 
of its vectors (215). After this aphid has fed on leaf roll inoculum, 
an incubation period of from 48 to 54 hours is required before 
Myzus persicae can infect a healthy plant. Furthermore, this species 
retains the virus in an infective condition for long periods of time 
while feeding on plants which are immune to the virus. A similar 
relationship has been reported by Osborn (168, 170) to exist be- 


tween pea enation mosaic virus and its two vectors. Macrosiphum 
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pisi and M. solanifolii, and by Ocfemia and Buhay (160) for 
Pentalonia nigronervosa in transmitting abaca bunchy top virus in 
the Philippines. Except for a few cases such as these, other aphid- 
transmitted viruses are reported to require no incubation period 
in the aphid vectors. Also, such viruses are not retained by their 
vectors for more than a few hours at.most after the last feeding 
on virus inoculum. 

Dykstra and Whitaker (57) reported that transmission experi- 
ments using Myzus persicae, M. circumflexus, M. pseudosolani 
and Macrosiphum solanifolii resulted in a high percentage of potato 
leaf roll virus transmission by means of the Myzus species. Macro- 
siphum solanifolii proved to be a relatively inefficient vector in most 
experiments, although occasionally a high percentage of transmis- 
sion was accomplished with this species. A possible explanation 
was suggested for the difference in transmitting ability demon- 
strated by the aphids. This explanation was based on the tissues in 
which the aphids habitually fed. The three species of Myzus were 
found to feed in the phloem in practically all cases. They exhibited 
approximately equally high efficiency as vectors of the disease. 
Macrosiphum solanifolii fed in the vascular tissues in only 46 
per cent of the cases observed. This suggests that phloem feeding 
may be necessary for the aphids to acquire and/or transmit the 
virus. 

This explanation is a logical one in view of what is now known 
regarding the relation of viruses to plant tissues. Bennett (12) has 
contributed greatly to our understanding of this problem. He has 
demonstrated that leaf-curl of raspberry and curly top of sugar beet 
are caused by viruses apparently closely limited to the phloem. He 
also pointed out that several other diseases, including potato leaf 
roll, which exhibit symptoms resulting from phloem disturbances, 
are not transmissible mechanically and ordinarily show the type of 
vector-virus relationship described for _M. persicae and leaf roll 
virus. 

The reported ability of many of the species listed as vectors of 
leaf roll needs further confirmation. In view of the incubation 
period of the virus and its long retention in Myzus persicae, and 
the fact that the disease is not mechanically transmissible, it seems 
somewhat doubtful that this virus could be transmitted by so many 
unrelated insect species, some of which would have to transmit the 
virus in a purely mechanical fashion. 


Bamboo Mosaic 

Kunkel (114) in 1921 reported that what appeared to be mosaic 
had been observed several times on Bambusa vulgaris Wendl. in 
Hawaii. No further reference has been made in the literature to 
the disease. 
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Canna Mosaic 

Kunkel (114) in 1921 stated that mosaic had frequently been 
observed on Canna indica L. in Hawaii. No investigations of the 
virus or its manner of spread have been conducted. 


Dianella odorata Bl. Mosaic 

Kunkel (114) in 1921 reported that in Hawaii “A disease closely 
resembling the yellow stripe disease of sugar cane occurs on Dia- 
nella odorata Bl.” This plant belongs in the lily family. 


Hippeastrum Mosaic 


In 1922 and 1924 (116, 117) Kunkel reported the common oc- 
currence in Hawaii of a mosaic disease of Hippeastrum equestre 
Herb. This plant (commonly known as Barbados lily) is grown 
as an ornamental in Hawaii, but has also escaped from cultivation 
and grows wild in some of the valleys above Honolulu. Kunkel’s 
investigation of the virus was primarily concerned with the study 
of amoeboid bodies in the cells of virus-diseased plants, but he was 
also interested in the manner in which the disease was disseminated 
in nature. Potted plants kept in insect-proof cages remained 
healthy, while most of those kept outside, a short distance from 
diseased plants, became infected with mosaic. These results sug- 
gested insect transmission. Kunkel made several attempts to trans- 
mit the virus by means of the corn aphid, Aphis maidis, but all 
tests were negative. 

Smith (215) reported Hippeastrum sp. as a host of tomato 
spotted wilt virus in England, but the symptoms produced by this 
virus are distinct from those described by Kunkel for Hippeastrum 
mosaic in Hawaii. 
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A New Species of Lepidosaphes Attacking Dendrobium Orchids 
in Hawaii and California 


(Homoptera: Coccoidea: Diaspididae) 


By HOWARD L. McKENZIE 


State Department of Agriculture 
Sacramento, California 


(Presented at the meeting of August 13, 1945) 


During 1944 the California State Department of Agriculture, 
Bureau of Entomology and Plant Quarantine received for determi- 
nation a species of scale insect heavily infesting pseudobulbs of 
Dendrobium dearei orchids at Honolulu, Hawaii. The orchid plants 
were presumably treated before entry into California, because no 
living scale insects were observed on the submitted plant portions. 
The material was submitted by D. T. Fullaway, Territorial Ento- 
mologist, who in correspondence, indicated the insect had been ob- 
served for several years doing considerable damage to orchid plants. 
Mr: Fullaway was under the impression that the species concerned 
might be the same as one recently described by the author as Lepi- 
dosaphes mackieana. An examination of the submitted specimens 
indicates the species is not mackieana, but instead, represents, as 
here interpreted, still another new species of this group. Specimens 
submitted early in 1944 by M. R. Bell, Inspector State Nursery 
Service, from Dendrobium dearei in a nursery at San Leandro, 
Alameda County, California were found to be identical with this 
species. 

Since this scale insect has been causing damage to Dendrobium 
orchids in Hawaii, Mr. Fullaway has kindly suggested its descrip- 
tion be included in the Proceedings of the Hawaiian Entomological 
Society. A description of the insect follows: 


Lepidosaphes noxia McKenzie, new species (figure 1) 

Historica, BAcKGRouND. This species of Lepidosaphes was 
first collected at San Leandro, Alameda County, California in a 
commercial orchid nursery, on Dendrobium dearei, February 9, 
1944 by M. R. Bell, State Nursery Inspector. Additional insect 
material was requested of Mr. Bell, and on March 8, 1944 a second 
collection was made by him from the same plants in the same 
nursery. Still another collection was made from the same host and 
locality on June 26, 1944 by J. B. Steinweden of this Department, 
and observations on extent and intensity of infestation were made 
by him. He has indicated that approximately 12 plants were found 
lightly infested with the scale, and that it was apparently being held 
in control in the nursery at San Leandro. 
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Prepared slide mounts of this species collected at Honolulu, Ha- 
waii on Dendrobium dearei during April 1944 by William Kirch 
were submitted to this office for determination during May 1944 by 
D. T. Fullaway, Territorial Entomologist. Upon request, subse- 
quent treated fresh material collected at Honolulu, July 19, 1944 by 
William Kirch, on pseudobulbs of the same host, was sent to the 
author by Mr. Fullaway. Mr. Fullaway indicated by correspond- 


Figure 1.—Lepidosaphes noxia McKenzie, new species. A, pygidium of the 
adult female; B, details of the dorsal aspect of the pygidial margin; C, habit; 
D, body of adult female. Unlettered details are connected to their points of 
origin by guide lines and should be readily identifiable. 
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ence, that the scale has been noticed for several years doing con- 
siderable damage to orchid plants of the Dendrobium group. The 
infested pseudobulb material sent to the present author by Mr. 
Fullaway showed marked damage to the orchid tissue particularly 
where the leaves are attached to the leads. This visible injury causes 
death to the leaves. 

Hosts anp DistrisuTion. Type and paratypes from orchid, 
Dendrobium dearei, in a commercial orchid nursery, San Leandro, 
Alameda County, California, collected February 9 and March 8, 
1944 by M. R. Bell, State Nursery Inspector. Additional paratypes 
on pseudobulbs of the same host are available from Honolulu, 
Hawaii, collected July 19, 1944 by William Kirch. 


Hasit. Scale insects occurring on the leads of orchids concen- 
trating particularly where the leaf partially surrounds the lead. 
Scale of the female averages about 2.2 mm. long, pale brown, 
exuvium terminal ; male smaller, much lighter in color than female, 
exuvium terminal. 


RECOGNITION CHARACTERS. Length as mounted on microscope slide averages 
approximately 1.25 mm.; derm membranous at full maturity; abdominal seg- 
ments but little produced laterally; antenna one-spined; perivulvar pores 
present in five groups, anterior groups ranging from 3- 7, average 4, median 
ranging from 7-14, average 10, posterior group ranging from 4- 9, average 7; 
median pygidial lobes relatively small, low and rounded apically, slightly 
once-notched on each side, second lobes bilobed, quite large and prominent 
in comparison with median pair ; dorsal macroducts much smaller than mar- 
ginal ones of pygidium, occurring across prepygidial abdominal segments 2-4 
inclusive, and marginally only on first abdominal segment and metathorax, 
submedian macroduct group on sixth segment containing usually two ducts, 
on each side, a smaller, dorsal macroduct present slightly anterior to second 
pygidial lobes; ventral microducts and gland tubercles situated as indicated 
in accompanying figure. 


Nores. Lepidosaphes noxia will run to L. newsteadi (Sulc) in 
Ferris’ key to species of this group, included in his Atlas of Scale 
Insects of North America published in 1942. It is structurally quite 
similar to that species except for its possession of a small dorsal 
macroduct located slightly anterior to the second pygidial lobes, and 
more numerous median groups of perivulvar pores. It is also closely 
related to L. mackieana McKenzie, but differs in the character of 
the median lobes which are only slightly once-notched on each side, 
whereas in mackicana they are laterally serrate, and also in the 
possession of only one-spined antenna as compared to two-spined 
in mackieana. 

The type specimen of Lepidosaphes no.xia will be deposited in the 
State Department of Agriculture collection at Sacramento, Cali- 
fornia, and paratypes in the Federal Bureau of Entomology and 
Plant Quarantine collection at Washington, D.C. 

The accompanying figures were prepared by the author from type 
material. 








A New Apanteles from Hawaii (Hymenoptera: Braconidae) 


By C. F. W. MUESEBECK 


Bureau of Entomology and Plant Quarantine, Agricultural Research 
Administration, U. S. Department of Agriculture 


(Presented at the meeting of August 13, 1945) 


By virtue of its conspicuously fasciate wings and banded female 
antennae this is one of the most striking species of Apanteles 
known to me. 


Apanteles trifasciatus, new species 


Female.—Length 3 mm. Head very nearly as wide as thorax; face shining, 
evenly covered with shallow, separated punctures, and with a median longi- 
tudinal keel above middle; malar space shorter than clypeus; vertex and 
temple closely punctate and dull. Thorax stout; mesoscutum with well sepa- 
rated, sharp punctures over most of its surface, subopaque except for a median 
area on posterior third and a smaller area at each of posterior lateral angles 
which are impunctate and polished; disc of scutellum evenly convex, im- 
punctate, polished; scutellar furrow with about 10 foveae; polished area on 
lateral face of scutellum transverse, twice as broad as long, the large area in 
front of it mostly smooth; propodeum rugulose medially and apically, smooth 
and shining each side of middle on basal half, areola indicated but its margins 
low and irregular; mesopleuron impunctate and polished above the longi- 
tudinal impression, which is more or less aciculate and has a few indistinct 
shallow foveae ; metapleuron impunctate, polished ; posterior coxa impunctate, 
polished, strikingly compressed and almost keeled above; inner calcarium of 
hind tibia twice as long as outer but barely half as long as metatarsus ; meta- 
carpus a little longer than stigma; first abscissa of radius slightly longer than 
intercubitus, which it joins in a sharp angle; stub of second abscissa of radius 
as long as petiole of first discoidal cell; cubitus beyond intercubitus unusually 
long, longer than first abscissa of radius; nervellus straight, nearly perpen- 
dicular to mediella. Abdomen rather slender, widest at third tergite; plate of 
first tergite about as broad at apex as at base, broadest at the middle with 
the margins slightly bowed, longitudinally rugulose except on basal middle 
and at extreme apex, where it is smooth and polished ; plate of second tergite 
transverse, much broader at base and more than twice as broad at apex as 
long, entirely smooth and polished; following tergites smooth and shining; 
ovipositor sheath about as long as abdomen, slightly shorter than the unusually 
long posterior tarsus, very slender but broadening slightly toward apex. 


Black; face a little reddish medially below antennae; maxillary palpi dark 
basally, the apical three segments lighter; scape yellow; pedicel and basal six 
flagellar segments brown, these followed by four or five yellow segments 
beyond which antenna is dark brown or blackish; anterior leg yellowish, coxa 
brown; middle leg light brown, base of tibia white, tarsus yellowish; hind leg 
brownish black, trochanter brownish yellow, tibia, except for a broad white 
basal annulus, and metatarsus black, second and following segments of tarsus 
yellow; wings hyaline, anterior wing with a broad, dark fuscous band basad 
of a line extending from petiole of first discoidal cell, another slightly nar- 
rower band extending from stigma to posterior margin, and apex of wing 
broadly but not so deeply infumated; hind wing entirely hyaline; abdomen 
black; second tergite and base of third red; ovipositor sheath brown. 


Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 





616 


Male.—Like the female except for the uniformly dark brown antennal 
flagellum, the absence of the first transverse band of anterior wing, and the 
much shorter abdomen. 


Type.—vU. S. National Museum No. 57277. 
Type locality—Honolulu, Hawaii. 


Described from 8 females and 2 males reared by. August Busck, 
August 1915, from cotton bolls; 1 male labeled “Kaumama, Hilo, 
Hawaii, Aug. 22, 1927, M. Maneki Coll.”; and 3 females and 6 
males labeled “S. E. Koolau Mts., Palolo, Oahu, May 18, 1914, 
J. C. Bridwell Coll.”’ The national collection has, in addition, 1 
female labeled as having been collected by R. G. Oakley on an air- 
plane arriving at Guam, August 11, 1938, from Hawaii. 
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The Synonymy and Distribution of Trichocorixa reticulata 
(Guérin-Ménéville) 
Hemiptera: Corixidae ~ 
By R. I. SAILER 


Bureau of Entomology and Plant Quarantine, Agricultural Research 
Administration, U. S. Department of Agriculture 


(Presented at the meeting of October 8, 1945) 


It seems advisable to publish certain information concerning 
Trichocorixa reticulata (Guérin-Ménéville) in order that this name 
may be available for use in the manual of Hawaiian insects now 
being prepared by E. C. Zimmerman. This species is the only 
known representative of the family Corixidae in the Hawaiian 
Islands, where it has been reported by F. X. Williams (26,* p. 195) 
as numerous in lowland streams and pools and “fairly swarming in 
salty pools separated from the ocean by a low sandbar and having 
a salinity ... greater ... than the sea itself.” As is indicated by 
this note, as well as by many additional records, T. reticulata is 
among the few aquatic insects sufficiently adaptable to live success- 
fully in both fresh and saline water. As might then be expected, 
it is an extremely successful species both in numbers and distribu- 
tion. The inadequate state of the taxonomy of the Corixidae, as 
well as failure to comprehend possible distributional limits of so 
versatile a form, resulted in this species having been named four 
times from as many widely separated localities. In 1857 specimens 
from Cuba were named Corisa reticulata by Guérin-Ménéville. In 
1859 specimens from California were named Corixa wallengreni 
by Stal. In 1877 Buchanan F. White named the Hawaiian repre- 
sentatives of this species Corixa blackburni, and in 1901 it was 
named Corixa mariae by Champion, this time from the Tres Marias 
Islands. In 1929 (12, p. 24) Lundblad correctly placed blackburni 
White, 1877, as a synonym of wallengreni Stal, 1859. In 1931 
(16, p. 214) and again in 1939 (25, p. 284) Jaczewski suggested 
that mariae Champion, 1901, was also a synonym of wallengreni. 
As a result of studies of type specimens made by H. B. Hungerford 
in 1927 at the British Museum of Natural History and the Paris 
Museum of Natural History, the notes of which he generously 
made available for my use, I am able to place both mariae and wal- 
lengreni definitely by synonyms of Trichocorixa reticulata (Guérin- 
Menéville, 1857). Because of confusion concerning the type speci- 
men of reticulata, notes on the type series, written by Hungerford 
during his visit to the Paris Museum, are quoted here in their 
entirety. 


* Figures in parentheses refer to the bibliography at the end of this paper. 
. Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 
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“Coriaa reticulata Guérin. 5 specimens: Museum Paris, Cuba, 
Coll. Guérin-Ménév., ex-coll. A. Salle 1857. 


“Here I believe are two species! Three specimens bear old 
written labels —Two: a male and female are labeled ‘Corixa reticu- 
lata Guérin (type) Cuba male (or female).’ In the same hand- 
writing on the same sort of paper the third specimen is labeled 
‘Corixa reticulata Signoret Manuscript. Male Cuba.’ This third 
specimen is not the same species as the first male. It has a narrower 
interocular space and differently shaped strigil. 

“T am placing a red label on the male marked type and designat- 
ing it ‘the holotype.’ A specimen I have from Porto Rico, while a 
little darker in color pattern, seems to be identical and I am placing 
a compared with a type label on it. 


“T think now that C. (orixa) pygmaea is also this species and 
that wallengreni and blackburni are also. They all have female 
pala shaped like the male somewhat.” 


Had this latter statement been entirely true, the name reticulata 
Guérin-Ménéville, 1857, would have fallen in favor of pygmaea 
Fieber, 1851; however, Lundblad, 1929,! published a redescription 
of Fieber’s type in which he shows that pygmaea Fieber is a 
synonym of verticalis Fieber, the latter having page priority. 


The problem was further complicated by Jaczewski (24, p. 338), 
who studied a specimen he obtained from the Paris Museum to 
which he refers as “‘co-type of Corixa reticulata Guérin, male from 
Cuba.” This specimen he found to be identical with Trichocorixa 
verticalis (Fieber). If Jaczewski had designated the specimen that 
he studied the lectotype, it would then have been necessary to use 
wallengreni Stal, 1859, as the next available name. However, in 
view of Hungerford’s notes, it is evident that Jaczewski did not 
study the specimen designated by Hungerford, in manuscript, as 
“holotype,” but one which he mentions as “not the same species as 
the first male.” Guérin-Ménéville’s general description of reticu- 
lata, as well as the remark, “. . . mais elle en différe par la forme 
réticulée des taches de ses élytres, surtout au dela du milieu, en 
arriére,” in which he compares reticulata with Corisa pygmaea 
Fieber (now a synonym of T. verticalis [Fieber]), makes it clear 
that he was able to distinguish between these two forms. This evi- 
dence, supported by Hungerford’s note concerning the identity of 
the specimen which bears the label “Corixa reticulata Guérin 
(type) Cuba male*(or female),’’ makes it inadvisable to follow 
Jaczewski in placing reticulata as a synonym of verticalis. Had the 
entire type series been available to Jaczewski for study, it is prob- 
able that he would have arrived at a similar conclusion. It, there- 
fore, seems proper to designate the specimen on which Hungerford 
placed the red label marked “type” as a lectotype. This definitely 
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fixes reticulata Guér. as the name for that species of Trichocorixa 
having the nodal suture dividing the pruinose area of the embolar 
groove into apical and basal portions, the width of the synthlipsis 
exceeding the width of an eye along the hind margin as seen from 
above, and the length of the pala usually less than two-thirds the 
width of an eye along the ventral margin. 


T. reticulata is primarily coastal and insular in distribution, 
ranging along the east coast of the Americas from New Orleans, 
La., to Dutch Guiana and including the West Indies, and on the 
west coast from San Francisco, Calif., to Lima, Peru. In the 
Pacific it is known from the Galapagos Islands and from the 
Hawaiian Islands. Lundblad has also recorded the species from 
Shanghai, China (12, p. 26). 


The following list of references pertains to Trichocorixa reticu- 
lata (Guérin-Ménéville) : 


(1) Corisa reticulata Guérin-Ménéville, 1857, in Sagra’s Hist. de 
Cuba, 6: 423. (Cuba. ) 

(2) Corixa wallengreni Stal, 1859, Kongl. Svenska Fregattens 
Eugenies Resa. Zool. 4: 268. Stockholm. (San Francisco, 
Calif.). New synonymy. 

(3) Corixa blackburni White, 1877, Ann. and Mag. Nat. Hist. 
4[20]: 114. (Hawaiian Islands.) 

(4) Corixa blackburni White, 1878, Ann. and Mag. Nat. Hist. 
5 [1] : 366. 

(5) Corisa reticulata, Uhler, 1894, [London] Zool. Soc. Proc. : 
224. 

(6) Corixa mariae Champion, 1901, Biologia Centrali- Americana, 
Rhynchota-Heteroptera, 2: 378. (Tres Marias Islands). 
New synonymy.” 

(7) Arctocorisa blackburni, Kirkaldy, 1910, Fauna Hawaiiensis, 
2 [6] : 554. 

(8) Arctocorisa blackburni, Perkins, 1913, Fauna Hawaiiensis, 
1 [6] : cciii. 

(9) Corixa reticulata, Blatchley, 1926, Heterop. Eastern North 
America : 1084.: (A synonym of T. louisianae Jacz.) 

(10) Trichocorixa mariae, Jaczewski, 1927, Ann. Mus. Zool. 
Polon., Warszawa 6 [3] : 257. 

(11) Trichocorixa blackburni, Hungerford, 1928, Brooklyn Ent. 
Soc. Bul. 23: 174. 

(12) Trichocorixa wallengreni, Lundblad, 1929, Ent. Tidskr. 50 
[1] : 24-26, fig. 5, a-b; pl. IV, fig. 5. (Type material studied 
places blackburni as a synonym). 

2The type of Corixa mariae Champion (6, p. 378) was studied by Hungerford at the 

British Museum in 1927, and in his notes he stated that it was ° ‘identical to the reticulata 

form.’’ His sketch of the head and genital claspers confirms this view. Jaczewski, 1939 (24, 


p. 183), arrived at a similar conclusion, and placed mariae as a probable synonym of 
u vallengreni Stal. 
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(13) Trichocorixa reticulata, Lundblad, 1929, Arch. f. Hydrobiol. 
u. Planktonkunde 20: 317-320, figs. 23-27. (This treatment 
is a synonym of T. naias [Kirkaldy] ). 

(14) Trichocorixa wallengreni, Jaczewski, 1930, Mitt. aus dem 
Zool. Staatsinst. u. Zool. Mus. Hamburg 64: 148. 

(15) Trichocorixa wallengreni, Jaczewski, 1931, Ann. Mus. Zool. 
Polon., Warszawa 9 [15] : 214. 

(16) Trichocorixa mariae, Jaczewski, 1931, Ann. Mus. Zool. 
Polon., Warszawa 9|15]: 214. (Suggests that mariae is a 
synonym of wallengrent). 

(17) Trichocorixa reticulata, Jaczewski, 1931, Arch. f. Hydrobiol. 
u. Planktonkunde 23: 519. (A synonym of T. naias [Kirk- 
aldy]). 

(18) Trichocorixa reticulata, Lundblad, 1931, Zool. Anz. 96[3-4] : 
91. (Exclusive of citations other than Guérin-Ménéville, 
1857). 

(19) Trichocorixa reticulata, Lundblad, 1931, Zool. Anz. 96[3-4] : 
90, 91, 93. (A synonym of T. naias [Kirkaldy] ). 

(20) Trichocorixa mariae, Lundblad, 1931, Zool. Anz. 96[3-4] : 
91, 93. 

(21) Trichocorixa wallengreni, Lundblad, 1931, Zool. Anz. 96 
[3-4] : 90, 91, 92. 

(22) Trichocorixa wallengreni, Hutchinson, 1931, Amer. Nat. 65: 
573-574. 

(23) Trichocorixa wallengreni, Jaczewski, 1933, Ann. Mus. Zool. 
Polon., Warszawa 9 [21] : 337. 

(24) Trichocorixa reticulata, Jaczewski, 1933, Ann. Mus. Zool. 
Polon., Warszawa 9[21] : 338. 

(25) Trichocorixa wallengreni, Jaczewski, 1939, Ann. Mus. Zool. 
Polon., Warszawa 13 [23] : 284. 

(26) Arctocorixa blackburni, Williams, 1944, Hawaii. Ent. Soc. 
Proc. 12 [1]: 195-196, fig. 16. (Excellent illustration of 
female ; also valuable notes pertaining to habits). 





Some New Species of Cerambycidae from the Island of Hawaii 
(Coleoptera) 


By O. H. SWEZEY 
(Presented at the meeting of September 10, 1945) 


Plagithmysus davisi n. sp. 


Head black, clothed with fine white pubescence; a distinct white crescent 
in the dorsal emargination of the eyes. Antennae dull red. Prothorax finely, 
densely punctured, very dark brown, almost black, with closely appressed fine 
white pubescence, except the naked longitudinal band including the dorsal 
crests. Anterior dorsal crest extended forward beyond margin of prothorax; 
posterior crest broadly rounded. Lateral crests distinct on posterior half of 
pronotum. Venter of thorax black with white pubescence; a large dense 
creamy patch of hairs on posterior part of mesopleura, a similar patch an- 
teriorly. Legs dul! red with thin white pubescence; apical fourth of femora 
black; hind tibiae and tarsi black. Elytra dull red, somewhat shining ; some- 
what transversely rugose on basal half; white pubescence arranged in num- 
erous white flecks of various sizes and shapes, the larger ones along the 
suture and continuing to the tips of the elytra. Abdomen black with white 
pubescence. Length to tip of elytra 15-19 mm. 

Allied to vitticollis and sweseyi; of larger size. The pronotum lacks the 
dense pronotal vittae. The flecks of white hairs on the elytra are much more 
numerous. 


Described from three males collected by Mr. Clifton J. Davis, 


ranger at Hawaii National Park, from dead and dying trees of 
Diospyros ferrea at 2000 feet elevation in the vicinity of Puu Waa- 
waa on the lower eastern slope of Mt. Hualalai, Hawaii, March 23, 
1945. It is a pleasure to name this interesting new species for the 
collector, who is greatly interested in the insect faunas of the trees 
in the Hawaii National Park. (Later, 16 more specimens, both 
sexes, were reared from the same source. ) 


Holotype male in the collection of the Hawaiian Entomological 
Society. Paratypes in thecollection of Experiment Station, 
H.S.P.A., and in the collection of the Hawaii National Park, and 
in the Bishop Museum. 


Neoclytarlus dodonaeae n. sp. 


Male 9 mm., female 14 mm. Black, with a clothing of appressed white 
pubescence on dorsum and also ventrally. Pronotum with a narrow median 
bare streak somewhat widened in the region of the anterior single transverse 
crest and in the region of the two posterior transverse crests; a wider 
similar bare streak towards each side, anteriorly and posteriorly situated on 
slight elevations ; a considerable bare area on lateral area of pronotum, an- 
teriorly a small bare spot between this and the dorsolateral bare streak. 
Elytra with the white clothing not divided transversely into areas of denser 
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clothing as in many of the species of Neoclytarlus; humeri with elevated 
rounded bare ridge extending backward somewhat obliquely towards the 
suture but not reaching it. The areas designated above as bare appear to be 
so, but are not entirely, being devoid of the white hairs, yet they have a few 
black hairs. Antennae darker than is usual in other species of Neoclytarlus, 
nearly black, with a few white hairs on the third and fourth segments. Legs 
sparsely clothed with white pubescence; femora of the usual Neoclytarlus 
type, the enlarged apical portion nearly black, slender portion of femora 
paler ; posterior femora reaching about to 0.8 of elytra in female, nearer to 
apex-of elytra in the male. The club of hind femur is proportionately slightly 
more thickened in the male than in the female. 


Described from a male and female reared from Dodonaea viscosa 
var. spathulata, collected at 6400 feet elevation on the Mauna Loa 
truck trail, Hawaii, August 25, 1945, by Cilfton J. Davis, ranger 
in Hawaii National Park. 

Holotype male and allotype female deposited in the type collec- 
tion of the Hawaiian Entomological Society. Paratypes in collec- 
tion of Experiment Station, H.S.P.A. 

This is the twenty-seventh species of Neoclytarlus in Hawaii, 
eleven of which have been discovered and described since the publi- 
cation of the Fauna Hawaiiensis. 

Later note: Four more specimens issued October 1-6 from a 
section of partially dead trunk of Dodonaea collected at the place 
mentioned above and sent to me by Mr. Davis. Also, Mr. Davis 
reared eight beetles Oct. 20 to 27 from Dodonaea from the same 
locality, and contributes the following notes on the distribution of 
this species of Neoclytarlus: 

“Highest elevation found—6400 ft. (original discovery ) on both 
sides of Mauna Loa truck trail. 

“Lowest elevation found—4500 ft. near Maunaiu water tanks, 
Ohaikea. 

“Optimum range—4900 to 6400 ft. elevation. This is quite ob- 
vious as one finds numerous signs of it in this range. 

“With the exception of 6400 ft., it is found in isolated kipukas 
down to 4500 ft. on the west side of the Mauna Loa truck trail. 

“Host range—The host plant is abundant and widespread through- 
out the Park from 8000 to 1500 ft. The optimum development of 
the hostplant appears to occur between 5000 and 5500 ft. Here 
these trees attain the height of between 25 to 30 feet and a diameter 
of 6 to 8 inches. 

“T have not found the beetle or signs of it from 6500 to 8000 ft. 
Nor have I found it in the southern portion of the Park, from 
Kipuka Nene to Hilina Pali (3000 to 2000 ft.) nor in the Pohio- 
keawe region through the lands of Keauhou, Kahue, Apua, and a 
portion of Kealakomo.” 
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Neoclytarlus mezoneuri n. sp. 


Female. Black, with a sparse clothing of white appressed setae on head, 
prothorax, elytra, also ventrally, having no pattern of arrangement into 
denser patches or streaks as is usually the case in related species of Neocly- 
tarlus. Antennae dark ‘brown, with the apices of some segments blackish. 
Prothorax and elytra dull, densely rugosely punctured. Prothorax with the 
usual median transverse crests: a large single one anteriorly, and two 
smaller ones posteriorly. Legs with the club of femora black or dark brown; 
the slender portion of femora, tibiae and tarsi paler. Posterior femora extend 
a little beyond the tips of the elytra. Length to tip of elytra 8 mm. 


Described from a single female which Mr. Davis reared Novem- 
ber 11, 1945, from wood of Meszoneurum kauaiense collected by 
A. L. Mitchell in the Puu Waawaa region, on the northeast slope of 
Mt. Hualalai, Hawaii. 

Holotype in the type collection of the Hawaiian Entomological 
Society. 
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New Species of Hawaiian Lepidoptera 
By O. H. SWEZEY 


(Presented at the meeting of December 10, 1945) 


Herewith are presented the descriptions of a number of new 
species of Hawaiian moths which have been reared from time to 
time or otherwise discovered in working over collections, and set 
aside for the time being awaiting description (on account of there 
being but a single specimen, or because the material at hand was 
not in perfect enough condition) in the hope that more and better 
material might yet be obtained from which to make descriptions. 
However, it seems best now to put some of these on record without 
further waiting. 

The family names used for the Microlepidoptera herein are as 
adopted by Mr. August Busck in a revision of Hawaiian Micro- 
lepidoptera which he had under way at the time of his demise. 


The types are in the type collection of the Hawaiian Entomo- 
logical Society. 


Family PyRAUSTIDAE 


Phlyctaenia campylotheca n. sp. 

Male, female. 16-20 mm. Head, palpi, antennae and thorax ferruginous; 
palpi 3-314, white beneath at base. Abdomen slightly paler ferruginous, anal 
tuft of male ochreous, ferruginous at base. Forewings ochreous ferruginous, 
varying in the intensity of the ferruginous tint; round orbicular and eight- 
shaped discal spots outlined with fuscous, obscure in-the specimens with most 
intensely ferruginous-tinted wings, in which also the first and second lines are 
obscure; in specimens with less intensely ferruginous wings the lines are 
fuscous and of the usual form for Phlyctaenia; a terminal series of very small 
dots ; cilia fuscous, white tipped. Hindwings light fuscous, darker terminally ; 
two obliquely placed darker discal dots, often obscure; postmedian line ob- 
solete, or occasionally indicated; a terminal series of minute fuscous dots, 
often obscure; cilia whitish with basal half fuscous, or sometimes nearly 
entirely fuscous. 


The most intensely ferruginous specimens which were assembled 
by Meyrick in despecta, which he treated of as a very variable 
species, I would place in campylotheca, named for the food plant 
from which all of my specimens were reared. Formerly Campy- 
lotheca included a large number of Hawaiian species of plants 
which are now recognized as Bidens by the botanists. 

Reared from foliage of Bidens (Campylotheca), Palolo Valley, 
Oahu, October 6, 1906, December 13, 1908; Niu ridge, Oahu; No- 
vember 11, 1906; Mt. Olympus, Oahu, January 21, 1912 (Swezey) ; 
Mt. Konahuanui, Oahu, July 23, 1916 (Timberlake) ; Kumuweia, 


Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 





626 


Kauai, August 28, 1921 (Swezey) ; Haleauau Valley, Oahu, Janu- 
ary 16, 1932 (Swezey). 


Phlyctaenia phyllostegia n. sp. 

Male. 19 mm. Head, palpi, antennae and thorax pale brownish ochreous ; 
antennae whitish beneath, palpi 314, white beneath. Abdomen ochreous, with 
apical segmental margins white, anal tuft white. Legs ochreous, anterior 
tibiae dark fuscous basally, middle tibiae with fuscous longitudinal line above, 
tarsi somewhat infuscated. Forewings pale brownish ochreous; costa with 
four fuscous spots on apical half; roundish orbicular and discal spots out- 
lined with fuscous, the discal larger; first line wavy, indicated by fuscous 
scales, extending nearly vertically from orbicular to dossum; second line 
wavy, indicated by fuscous scales vertically from second fuscous costal spot 
to vein three, then a wide loop extends basally to below discal spot then about 
parallel to dorsum terminating about midway between first line and tornus; 
eight conspicuous fuscous terminal spots between veins; cilia concolorous. 
Hindwing pale brownish ochreous, darker on the apical third; two obliquely 
placed fuscous discal dots ; an obscure fuscous postmedian line from a fuscous 
dot on costa; a terminal series of fuscous dots; cilia somewhat paler than 
terminal area of wing. 


This species has considerable resemblance to Pyrausta thermantis 
Meyr. in which however, the forewing is ferruginous, the loop of 
second line beneath discal spot is narrower, and the terminal dots 
are smaller. . 

A single specimen reared from leaves of Phyllostegia sp., Pacific 
Heights ridge, Oahu, March 3, 1912 (Swezey). 


Family TortriciDarE 


Tortrix lysimachiana n. sp. 

Female. 16 mm. Head and thorax brownish fuscous. Palpi brownish 
fuscous about 3, middle joint long, terminal joint very short. Antennae brown, 
about %. Forewings brownish fuscous, a series of darker spots on costal and 
dorsal margins; a medium wide irregular-margined darker band extends 
outwardly oblique from 1% of costa to the fold, the margins are indicated by 
a few black scales outside of which a pale line; a few scrawly black marks in 
outer part of wing; cilia pale, barred with fuscous. Hindwings pale gray, 
darker terminally and with scattered slightly fuscous spots which are more 
conspicuous on the under surface; cilia pale, fuscous on basal half. Abdomen 
ochreous. Fore and middle legs brown, tarsi spotted with ochreous. Hindlegs 
ochreous, tarsi spotted with fuscous. 


Described from a single specimen reared from foliage of Lysi- 
machia rotundifolia, Puu Hapapa, Waianae Mts., Oahu, January 
16, 1927 (Swezey). 


Epagoge osteomelesana n. sp. 

Female. 9 mm. Head and thorax pale fuscous, the scales tipped with white. 
Head rough scaled; palpi 2, second segment rough scaled, whitish, terminal 
segment short, black. Antennae fuscous, about 4%. Forewings white with 
numerous fuscous strigulae; costa with a series of dark fuscous spots, those 
on basal half small, on the apical half larger and from three or four of them 
are outwardly-oblique bars, the one from middle of costa connected with a 
longitudinal fuscous streak in outer portion of cell; at apex is a larger dark 
fuscous costal spot with a tapering extension dorsally to about middle of 
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termen, between. this dark spot and the cell is a white area almost free of 
strigulae, but with some fuscous scales on its dorsal side, most distinct an- 
teriorly.. Cilia white and fuscous mixed. Hindwings nearly uniformly pale 
brownish, slightly darker terminally, and without markings ; cilia gray, whitish 
mixed towards apex. Legs whitish, fore and middle tibia and all tarsi fuscous 
marked. Abdomen very pale brownish. 


A single specimen reared from Osteomeles anthyllidifolia, Wood- 
lawn, Manoa Valley, Oahu, November 18, 1929 (Williams). 


Family CosMOPTERYGIDAE 


Petrochroa communis n. sp. 

Male, female. Expanse 9-10 mm. Head and thorax white, some of the 
scales tipped with black. Palpi white, externally spotted with black, second 
segment black at apex, terminal segment black-tipped. Antennae black, basal 
joint white speckled with black, with pecten ventrally, flagellum in male 
slightly serrated. Fore and middle legs fuscous, hind legs mostly whitish. 
Abdomen dirty white, ringed with fuscous, anal tuft of male creamy white. 
Forewings white with many of the scales tipped with black giving a gray 
appearance, an elongate black spot occupying about the middle fifth of the 
fold, two or three scattered similar spots between the spot in the fold and the 
costa, sometimes a black streak between the cell and the termen; cilia gray, 
two black spots in costal cilia just before apex. Hindwings nearly uniformly 
gray, cilia pale gray. The venation varies somewhat from that of the geno- 
type in that vein 6 of forewings is sometimes separate from 7 + 8; also in 
o hindwings 6 is usually separate from 7; frenulum in female consisting of 

spines. 


Taken at light, Kaimuki, Oahu, various times, 1908 to 1915 


(Swezey) ; and Kokee, Kauai, August 29, 1921 (Swezey). Taken 
commonly in light traps at several locations in the Pearl Harbor 
region, Kaneohe, and in Honolulu, Oahu, 1944 and 1945. 


Family CALOPTILIIDAE 


Parectopa lipochaetae n. sp. 

Male, female. 5-6 mm. Head white; palpi white, second segment with a 
black dot at apex, third segment with a black dot near tip; antennae white 
beneath, ringed with fuscous above. Thorax white. Abdomen whitish, anal 
tuft of male white. Legs white, forelegs and middle legs and posterior tarsi 
spotted with black. Forewings with ground color pale fawn, but appearing 
mostly white on account of the white streaks arranged as follows: three 
costal very outwardly-oblique and two dorsal which join the first and second 
costal in middle of wing; the two dorsal streaks are wide at base, the first 
one following dorsal margin to base of wing, the wide base of the second 
dorsal extends nearly to the tornus; the third costal streak reaches about half 
or a little more across the wing, straight and not quite parallel with the second 
costal streak; sometimes a white median streak in basal portion of wing; 
three short white streaks on costa near apex; a round black spot situated in 
terminal white area; all white streaks bordered by black scales and a line of 
black scales on termen at base of cilia. Cilia white, outer half fuscous. Hind- 
wings and cilia slightly infuscated. 


In its markings near related to marginestrigata. Reared from 
leafminer in Lipochaeta lavarum, Lahaina, Maui, December 23, 
1928 (Swezey). 
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Parectopa nigrelloides n. sp. 


Male (?). 8 mm. Head and thorax brownish fuscous; palpi white above, 
blackish beneath; antennae black. Thorax and abdomen white below. Legs 
pale brownish, tarsi spotted with white. Forewing bronzy brown; an out- 
wardly oblique white bar from % of costa, extending about % across wing ; 
a few white scales on dorsum near base; at % of dorsum an outwardly oblique 
white streak extends to about middle of wing, wider at base and tapering to 
a point; a smaller white streak at % of dorsum; in terminal area of wing a 
blue spot with black center ; near apex of costa three spots, the first one larger, 
separated by black spots; cilia concolorous with the white and black spots; 
terminal cilia fuscous, pale at base where they join a line of black scales 
marking the terminal border, tornal cilia fuscous. 


A single specimen reared from mine in leaf of Dubautia sp., 
Alakai Swamp, 4,000 ft., Kauai, August 22, 1921 (Swezey). Re- 
sembles Philodoria nigrella Walsm. from Kilauea, Hawaii; but it 
has maxillary palpi, which are absent in the genus Philodoria. 
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Synonymic Notes on Argyroploce illepida (Butler) and 
A. carpohaga (Walsingham) 
(Lepidoptera: Eucosmidae) 


By O. H. SWEZEY and ELWOOD C. ZIMMERMAN 
(Presented at the meeting of September 10, 1945) 


A. Norss sy O. H. SwezEy 


This eucosmid moth, known in Hawaii as the koa seed moth on 
account of the heavy infestation of koa seeds by its larvae, was 
described by Butler as Teras illepida. The description is from a 
single specimen collected by the Rev. Thomas Blackburn: “In 
neighborhood of Honolulu; rare-—T.B.” In the description the 
sex is not stated, but it more nearly agrees with the male as we 
know it at the present time. 


Walsingham (Fauna Hawaiiensis, 1 [5]: 681, 1907) placed the 
species in the genus Cryptophlebia which he had erected for 
carpophaga, a species described from India (Indian Museum Notes 
4: 105, 1899). Apparently the genus is named for a character in 
the hindwing of the male: “A pouch-like fold along vein 2, con- 
taining a thick tuft of scales on the upper side, accompanied by 
some strongly curved scales on the underside along the margin.” 
This character is common to both illepida and carpophaga. 


Then Meyrick (Records of the Indian Museum, 5: 218, 1910) 
removed illepida to the genus Argyroploce and placed carpophaga 
as a synonym of illepida, the latter having priority of publication. 
It would seem that the character on which the genus Cryptophlebia 
was based was sufficient to maintain it as a good genus. This char- 
acter is not used in the description of the genus Argyroploce, a 
genus of over 500 species. However, in this large genus Meyrick 
has described a large number from many regions, and among them 
quite a number have various kinds of secondary characters in the 
hindwings of the males, It would necessitate many more genera if 
each of these various characters were used as a basis for separate 
genera. Hence, no doubt Meyrick is fully warranted in placing 
illepida and carpophaga in Argyroploce, instead of leaving them in 
an isolated genus. Fletcher has also adopted this usage (Some 
South Indian Insects, p. 449, 1914). 


When in Guam in 1936, I reared a good series of moths from the 
seeds of several leguminous trees, which agree with Walsingham’s 
description and figure of carpophaga, and I noted differences be- 
tween these specimens and those reared in Hawaii from seeds of 
Acacia koa, Acacia farnesiana and several other leguminous trees, 
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but not from Poinciana regia, Adenanthera pavonina and Pitheco- 
lobium dulce all of which had their seeds badly infested by carpo- 
phaga in Guam. Hence, I must take exception to Meyrick’s 
synonymy, and consider the two as different species, irrespective of 
the fact that he states: ““Having obtained a series of the Hawaiian 
from [illepida|, I find it is identical with Australian, Indian and 
South African examples [ombrodelta and carpophaga].” 

Some of the differences are as follows: The male of carpophaga 
has much more long woolly hair on dorsum of abdomen; the large 
tufts on posterior tibia and enlarged basal joint of tarsus are 
blackish, whereas in illepida they are ochreous; the dorsal portion 
of forewing beneath the fold is infuscated and with a slight ad- 
mixture of bone-grey scales in carpophaga, but not so in illepida; 
in forewing a triangular dark spot near the tornus having its base 
on dorsum in carpophaga, absent in illepida; cilia of hindwing 
white in illepida, grey in carpophaga. There are 24 males in my 
Guam series, which I have compared with a series of 40 illepida 
males. The females do not exhibit such striking differences. In 
both species the forewings vary in the degree of coloration: tawny, 
ferruginous or brown, but both have the triangular darker spot 
near the tornus. 

So far as known to me, illepida does not occur anywhere except 
in the Hawaiian Islands, and any records in literature of its occur- 
rence elsewhere, no doubt should be considered as belonging to the 
true carpophaga. 
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B. Nores sy F,. C. ZIMMERMAN 


In the foregoing note, Dr. Swezey has outlined his reasons for 
believing that the moth Argyroploce illepida (Butler) of Hawaii is 
distinct from the widespread A. carpophaga (Walsingham). His 
conclusions are based upon studies of the food habits and external 
features of the moths. He has asked me to make a study of the 
genitalia of the species, and I am glad to report that the results of 
the examination of the male genitalia fully support his conclusions. 
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Herewith are presented reproductions of photographs (kindly 
made for us by Mr. D. M. Weller, histologist at the H.S.P.A. 
Experiment Station) which show, without the need of further 
explanation, how easily the two species may be distinguished on the 
basis of the male genitalia alone. There is no question that Argy- 
roploce illepida is fully distinct from A. carpophaga. 

An additional problem which we have considered is the status of 
the two varieties of Argyroploce illepida and the two separate 
species described by Walsingham from Hawaii. 


In the series of this common moth (illepida) before us, there is 
a great range of size (12 to nearly 25 mm.), color and color pat- 
tern. Slides of the male genitalia of 10 examples from different 
places, collected free or reared from Acacia confusa, Acacia koa, 
Pithecolobium, Dodonaea and Sapindus, and mostly showing dif- 
ferences in color pattern, have been examined. In spite of size and 
color differences, the structure of the genitalia of all specimens 
studied is remarkably uniform. 

It is of interest to note that Walsingham had 15 examples of his 
illepida fulva, only one of illepida suffusa, two damaged tetrao and 
a unique of vulpes. If one wished to describe color variations, a 
number of new ones could be erected from the variable series now 
available. Perhaps Walsingham would not have proposed so many 
names if he had been supplied with a more representative series of - 
examples and if he had been more acquainted with the bionomics 
of the species. 

From the evidence now at hand, it appears that there is only one 
species of Argyroploce in Hawaii, and the following synonymy is 
indicated : 


Argyroploce illepida (Butler) 


Teras illepida Butler, Trans. Ent. Soc. London, p. 42, 1882. 
ad — ee (Butler) Walsingham, Fauna Hawaiiensis, 
1 (5): 681, pl. 10, fig. 23, 1907. 

Cryptophlebia illepida var. eM Walsingham, loc. cit., pl. 10, fig. 24. New 
synonym. 

Cryptophlebia illepida var. suffusa Walsingham, op. cit., p. 682, pl. 10, 
fig. 25. New synonym. 

Cryptophlebia tetrao Walsingham, op. cit., p. 683, pl. 10, fig. 26. New 
synonym. 

Cryptophlebia vulpes Walsingham, loc. cit., pl. 10, fig. 27. New synonym. 

Argyroploce illepida (Walsingham) Meyrick, Records Indian Museum, 
5: 218, 1910. 





Notes and Descriptions of Ceratocombus 
(Hemiptera: Cryptostemmatidae) 


By ROBERT L. USINGER 
U. S. Public Health Service 


(Presented at the meeting of December 10, 1945) 


Several interesting cryptostemmatids have come to hand during 
the past two years, both from my own collecting and from material 
submitted for identification. The new records and species of 
Cryptostemma have been described elsewhere (Usinger, Ent. News, 
56 : 238-241, 1945). In the present paper a new record is given for 
Ceratocombus vagans McAtee and Malloch, and new species of 
Ceratocombus are described from Puerto Rico and Hawaii. I am 
indebted to E. C. Zimmerman and R. I. Sailer for the opportunity 
to study the Hawaiian specimens. These are of particular interest 
because they represent the first collection of Cryptostemmatidae 
from the Hawaiian Islands. 


Ceratocombus (Xylonannus) vagans McAtee and Malloch, 1925 


This species was originally described from Maryland with para- 
types from Washington, D.C., Virginia, New York, Florida and 
Panama. Barber (1939)* reported it from Puerto Rico. Uhler’s 
niger (1904) from New Mexico was doubtfully referred here by 
McAtee and Malloch and they suggested that Champion’s pana- 
mensis (1900) may prove to be the same when the type is studied 
in this connection. I am now able to add Georgia to the list and 
record another locality for Puerto Rico. 

One macropterous female and numerous nymphs were taken 
amidst loose frass beneath the bark.of a decaying tree near the 
summit of Brasstown Bald (approximately 4500 feet elev.), 
Georgia, Sept. 10, 1944 (R. L. Usinger). 

Both macropterous and brachypterous specimens were very abun- 
dant on the ground beneath leaf mold and numerous small fruits 
of a fallen Sierra palm near the summit of El Yunque, Puerto Rico, 
April 29, 1945 (R. L. Usinger). 


Ceratocombus (Xylonannus) hawaiiensis Usinger, new species 


Suboval in form and rather uniformly brownish to castaneous in color. 


Head one-third broader, eyes included, than long, 12::9. Eyes one-fourth 
as wide as interocular space, 2::8. Vertex smooth, moderately convex. 


* Dates in parentheses refer to the bibliography at the end of the paper. [Ep.}. 
Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 
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Clypeus broad, parallel-sided and slightly inflated. Rostrum surpassing pos- 
terior coxae, the proportion of segments 2:914:71%4. Antennal proportions 
2:5%:9:9, 

Pronotum over twice as broad across humeral angles as long on median 
line, 17:: 8, and slightly shorter than head, 8::9. Disk only moderately con- 
vex, smooth, the anterior collar marked by a transverse impression laterally 
behind eyes, briefly transversely foveate anteriorly at middle. Lateral margins 
feebly rounded, sinuate at anterior constriction. Posterior margin broadly, 
deeply concave. 


Scutellum broader than long, 9::7, subflattened and impressed with two 
minute foveae near middle; sides nearly straight to acute apex. 


Hemelytra presumably complete, the distance from tip of clavus to apex of 
membrane greater than distance from base of corium to tip of clavus, 16:: 14. 
Venation as in vagans McAtee and Malloch, but with the two apical cells 
equal in size. 


Under surface as in vagans, the male genitalia agreeing with the illus- 
trations of McAtee and Malloch and with Puerto Rican specimens of vagans. 


Color uniformly pale brown, the hemelytra translucent, the eyes reddish, 
anterior portion of head and appendages pale. Under surface brown to 
ochraceous. 


Size: Length 1.3 mm., width (pronotum) 0.5 mm. (hemelytra) 0.62 mm. 


Holotype, macropterous female, Waipahee, Kauai, T. H. Jan. 13, 
1944, under bark of dead tree (N. L. H. Krauss). Allotype, male, 
and one female paratype, macropterous, same data as type. The 
holotype and allotype are deposited in B. P. Bishop Museum, 
Honolulu, T. H. 

Hawaiiensis is similar to vagans in every way except for the 
form and proportions of the head and pronotum. These propor- 
tions differ strikingly in the two forms of vagans as follows: 
brachypterous form—head scarcely broader than long, 11::10; 
eyes small, one-fourth as wide as interocular space, 2::8; prono- 
tum strongly convex, nearly parallel-sided, less than twice as broad 
as long; macropterous form—head distinctly broader than long, 
101%4::8; eyes larger, nearly half as wide as interocular space, 
2% ::6; pronotum twice as broad as lorig, 14::7. 

In hawaiiensis the eyes are small as in brachypterous vagans 
while the head is relatively broad as in macropterous vagans. The 
pronotum is even wider than in macropterous vagans and has, con- 
vex side margins in contrast to concave margins in vagans. In 
general appearance the head of hawatiensis is more robust and less 
strongly narrowed in front of the eyes and the pronotum is broad 
with sides convex. These characteristics served to distinguish 
hawaiiensis from the long series of specimens of vagans which I 
studied in the U. S. National Museum collection. 


Ceratocombus (Ceratocombus) yunquensis Usinger, new species 


Elongate-oval, attenuated anteriorly, the surface above opaque, black, dis- 
tinctly marked with a yellow longitudinal fascia on inner half of each corium, 
these fasciae almost or quite joining an arcuate fascia which crosses apices 
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of coria and base of membrane. Hairs on upper surface, except head, very 
short and sparse, confined to margins and to veins of hemelytra. 

Head broader than long, 12::9; the eyes, seen from above, about one-third 
as wide as interocular space, 244::7; eyes touching anterolateral angles of 
pronotum; ocelli contiguous with inner margins of eyes; surface smooth, 
impunctate, naked and slightly convex basally; transversely wrinkled and 
beset with long, curved hairs apically. A long bristle behind each ocellus and 
another near front of eyes. Rostrum reaching to middle of intermediate coxae, 
the proportion of segments 3:8: 7. Antennae as long as head, pronotum, and 
scutellum together, the proportion of segments as 24%:5: 10:9. 

Pronotum over twice as broad behind as long on median line, 18::8, and 
slightly shorter than head, 8::9%4; anterior collar obscure except near de- 
pressed anterolateral angles, lateral margins straight, with a prominent, 
anterolaterally directed bristle at anterior fourth; front margin slightly con- 
cave, hind margin broadly concave. 

Scutellum broader at base than long, 12::9, feebly convex, the sides sinuate, 
subacute at apex. 

Hemelytra complete, very long and broadened apically, the membrane 
almost as long as corial margin and four-fifths as wide. Corial margin 
scarcely arcuate, the disk subflattened laterally, convex on inner two-thirds, 
apex narrowly deflected beyond brief fracture. Venation as figured by Mc- 
Atee and Malloch for areolatus except that the outer vein emanating from 
discal cell does not curve outward toward cuneal fracture but continues 
straight to wing margin. 

Color dull to glossy black above with ochraceous anterior two-thirds of 
head, a bright yellow fascia arising at base of corium and continuing along 
inner corium, occupying the greater part of inner corium between emboliar 
and claval sutures. The yellow extends to embolium and outer clavus at 
extreme base. Apically the fascia narrows abruptly or is briefly interrupted 
before transverse apical fascia. The latter arises at and just beyond sub- 
apical fracture. It does not reach apex of corium at lateral margin but 
extends broadly inward and crosses apical margin of corium on inner half, 
thence continuing across base of membrane. Membrane pale smoky white 
along outer margin. Rostrum and first two antennal segments pale, apical 
antennal segments brown. Under surface of head reddish-ochraceous, else- 
where brownish with pale pubescence, the legs pale with brown at middle of 
coxae and femora. 


Size: Length 1.7 mm., width (pronotum) 0.52 mm. (hemelytra) 0.8 mm. 


Holotype, female, and two female paratypes, Sierra palm forest, 
El Yunque, Puerto Rico, April 29, 1945 (R. L. Usinger). These 
specimens were taken beneath leaf mold and numerous small fruits 
of a fallen Sierra palm in company with the much more abundant 
Ceratocombus vagans. The holotype is deposited in the U. S. 
National Museum. 

Yunquensis is closely related to fasciatus Uhler from Grenada 
and St. Vincent, but differs from that species in hemelytral mark- 
ings and in its larger size. It runs to brasiliensis Reuter in McAtee 
and Malloch’s key, but that species lacks the distinctive yellow 
fasciae. Bifenestratus Poppius (1910) from the island of Guade- 
loupe also belongs near here but lacks the distinctive markings of 
yunquensis. 
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Psychoda pseudalternata n. sp. (Diptera: Psychodidae) 


By FRANCIS X. WILLIAMS 
Experiment Station, H.S.P.A. 


(Presented at the meeting of June 11, 1945) 


Some years ago the B. P. Bishop Museum, Honolulu, sent to 
Dr. A. L. Tonnoir a number of Psychoda flies for determination. 
Dr. Tonnoir died before completing his work; he did, however, 
recognize a new species in the collection, specimens of which he 
had recently collected in Canberra, Australia. This species he named 
Psychoda pseudalternata and he returned specimens so labelled as 
paratypes, to the Bishop Museum, as well as including specimens 
of the same species taken at Canberra. 

Since Dr. Tonnoir, as far as can be ascertained, has not published 
a description of this insect, it rests upon myself to give further 
data upon it. I figured (Proc. Haw. Ent. Soc., 11: 336, 1943) the 
male terminalia of Psychoda pseudalternata, as well as of Psychoda 
alternata Say (l.c.: 334), both from specimens determined by Dr. 
Tonnoir. I can only state that Psychoda pseudalternata is close to 
P. alternata, but the former has the spinule of the inferior ap- 
pendage of the terminalia broadened, subspatulate towards the apex 
and the margin oblique there, while in P. alternata this spinule is 
only moderately widened but somewhat curved apically. There are 
no specimens of Psychoda alternata females determined by Dr. 
Tonnoir in the collections here. 


The specimen now designated as lectotype bears the label Psy- 
choda pseudalternata 8 paratype Tonn., Canberra, A. C. T., April 
1939. A. L. Tonnoir. A @ syntype bears the same data. Other 
syntypes (paratypes) are: One 2, Manoa Valley, Honolulu, Feb. 
-3, 1934, at light (Carl T. Schmidt); one @ and one partly dis- 
sected specimen, Honolulu, Oahu, March 25, 1923, Quarantine 
Island (S. C. Ball), glued on a card with other specimens but set 
off from these by an ink-lined square. The lectotype and all the 
syntypes are in the collection of the B. P. Bishop Museum. 

I am indebted to Dr. Alan Stone of the Division of Insect Iden- 
tification, Bureau of Entomology and Plant Quarantine, U. S. Dept. 
Agriculture, for calling my attention to the status of this insect. 
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Stigmatomma (Fulakora) zwaluwenburgi, a New Species of 
Ponerine Ant from Hawaii 


By FRANCIS X. WILLIAMS 
Experiment Station, H.S.P.A. 


(Presented at the meeting of September 10, 1945) 


In February 1941, Mr. R. H. Van Zwaluwenburg discovered 
four workers of this ant while searching for tiny hypogaeic carabid 
beetles in soil obtained from a field of sugar cane at the Experiment 
Station, H.S.P.A., Honolulu. A fifth specimen (the paratype) was 
wee by the writer on October 26, 1945 in moist soil from the same 

eld. 


Figure 1—Stigmatomma (Fulakora) szwaluwenburgi, type. 


Stigmatomma (Fulakora) zwaluwenburgi n. sp. 

Type: Length 1.80 mm. Head as broad at clypeus as long; occiput shal- 
lowly concave; fronto-occipital suture not strong; clypeus in front armed 
with five rather blunt denticles. Mandibles with the thickened basal portion 
bearing five simple teeth, the basal one quite small; one subapical denticle. 
Frontal lobes touching rather narrowly, their carinae feeble and diverging 
behind. First and apical funicular joints longer than broad. Eyes wanting. 
Thoracic dorsum and epinotum flat. Prothorax a little longer than broad, 
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gently rounded. Promesonotal suture strongly impressed. Mesonotum more 
than twice as broad as long, the sides nearly straight. Mesoépinotal suture 
indistinct. Epinotum gradually widening from base, about as broad as long 
to ventral apex, the declivity transverse, generally smooth, the sides strongly 
margined. Petiole narrower than first gastric segment, rounded in front and 
more slightly so at the sides. Gaster slender, legs stout. 


Head and thorax sublucid, epinotum and gaster more shining. Mandibles 
with some rugae. Head and thorax densely granulose, thoracic dorsum and 
epinotum with some subobsolete carinulae, gaster with more separate punc- 
tures. 


Color rufo-testaceous, the head a little darker; pilosity whitish. 


The paratype is approximately 1.75 mm. long from the apical part of the 
clypeus; there are four somewhat recurved teeth on the inner side of the 
mandibles, the basal teeth being short. The clypeus has the five bluntly conical 
teeth on its margin. 


Type and paratype in the collection of the Hawaiian Entomolo- 
gical Society. 

Three of the five specimens collected are not now available. 

The subgenus Fulakora was erected by Mann for Stigmatomma 
(Fulakora) celata from the British Solomon Islands. It—“is pro- 
posed for those species of Stigmatomma that have the frontal lobes 
approximate, instead of widely separated.” (The Ants of the 
British Solomon Islands. Bul. Mus. Comp. Zool., 63 [7] : 279-280, 
1919). 


This subgenus has representatives in Australia, New Zealand, 
Sumatra, Philippines, Hawaii, Cuba, Brazil, Argentina, and no 
doubt elsewhere. 

S. (Fulakora) zwaluwenburgi differs from its apparently nearest 
relatives, S. (Fulakora) celata Mann from the British Solomon 
Islands and S. (Fulakora) minuta Forel from Sumatra (Zool. 
Jahrb. systematik, 36: 4-5, 1914) chiefly in having the head quite 
as broad as long and in having the clypeus provided in front with 
five teeth, Stigmatomma (Fulakora) celata and minuta each having 
six teeth. 


I take pleasure in naming this species after my colleague, Mr. 
R. H. Van Zwaluwenburg. 

It is presumed that this ant is one of the relics of an earlier 
Hawaiian ant fauna of which our representatives are chiefly minute 
ponerines and which may have survived under unfavorable environ- 
ment because of their hypogaeic habits. (See Wheeler: Revised 
List of Hawaiian Ants., Bernice P. Bishop Museum, Occasional 
Papers 10[21]: 5, 1934). 
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Two New Species of Astatinae, with Notes on the 
Habits of the Group 
(Hymenoptera: Sphecidae) 


By FRANCIS X. WILLIAMS 
Experiment Station, H.S.P.A. 


(Presented at the meeting of December 8, 1945) 













Astata immigrans n. sp. (plates XX XI-X XXIII figures 1-13) 


Female, holotype: Length 5.5 mm. Of the usual stout form. Black; man- 
dibles testaceous mesad, reddish apically; veins at base of wings and a 
prestigmatal spot creamy white, remaining venation of fore wings more or 
less testaceous, venation of secondaries much paler; tibiae, more or less, and 
tarsi brownish; tegulae and sclerite at costal base of fore wings dark brownish, 
wings hyaline, abdomen red. Head and thorax generally, very finely coriaceo- 
reticulate, subopaque. Mandibles bidentate, with a few punctures outwardly 
at base, malar space very short; clypeus with the disc gently convex, with a 
few large punctures, the margin depressed, narrowly produced mesad into 
two rounded teeth with a low lobe on either side; antennae with joint 3 con- 
siderably longer than 4, 4 slightly longer than 5, the interocular space at 
vertex being slightly greater than joints 3 plus 4; ocelli arranged nearly in an . 
equilateral triangle, the anterior ocellus very slightly the farthest removed; 
a small scar that narrows anteriorly, borders the inner margin of the eyes op- 
posite each posterior ocellus; a fine impressed line from anterior ocellus ex- 
tending more than half way to the base of the clypeus; a few scattered 
punctures on frons and vertex. Anterior portion of pronotum smooth and 
shining, scutellum more shining in its anterior portion, metanotum shining, 
almost smooth; disc of propodeum finely margined, very finely reticulate, 
although the sculpture is not as fine as that of the thorax proper; there is a 
delicate carinula at the base and a large shallow subtriangular depression at 
the apex, the pleura with some fine oblique striae, the posterior face is steep, 
largely smooth and shining mesad with an oval fovea above. First joint of 
fore tarsus with a comb of four bristles, the apical bristle the heaviest, and 
each bristle about twice as long as the diameter of the joint; fore and pos- 
terior femora with some long erect hairs beneath. Forewings with the mar- 
ginal cell very short, only a little longer than high and shorter than the 
stigma, the poststigmatal part about as long as the substigmatal part; second 
submarginal cell sessile at the marginal cell, its basal or Ist t.c. border with a 
stub of a vein mesad; third submarginal cell very short, nearly twice as high 
as long, the long sides subparallel. Pygidium with the marginal carinae and 
hair fringe indicated only. at apex. Vestifure of sparse pale hair. 

Male, allotype: Length 5.5 mm. Head and thorax black, abdomen red 
darkening apically. Pale markings as follows: mandibles widely creamy 
yellow mesad, a large squarish spot each side before declivity of face, pro- 
thoracic lobes, tegulae and veins at base of wings creamy white; apex of 
femora quite narrowly, (and obscurely in the posterior femora) and the fore 
tibiae and tarsi generally, pale yellowish to yellowish brown, base and apex 
of tibiae .2 and 3 less obviously pale. Mandibles bidentate at apex and a low 
wide tooth on inner margin at base of second apical tooth, malar space not 
twice as wide as long; clypeus triangularly produced, the apex somewhat 
attenuated; antennae showing only very slight swellings latero-ventrad at 
base of 7, 8 and 9. The sculpture is less fine than in the female, the pleura are 
sprinkled pimple-like. with fine granulations; the sides of the propodeum are 
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not striate, the posterior face is shining with scattered granulae, and the fossa 
is somewhat more developed than in the female. Pygidial area with a few 
large punctures; terminalia shown in fig. 11. Vestiture moderate, of erect 
silvery hair. 


Holotype: Oahu: Honolulu, at Experiment Station, H.S.P.A., 
May 24, 1943; on Portulaca oleracea Linn. (F. X. Williams). 
Allotype: Oahu: Ewa, July 18, 1939, on Portulaca oleracea. (F. X. 
Williams). Paratypes: Ewa, Oahu, 3 2 2, August 3 and 4, 1939, 
2 3 ¢, July 18, 1939; Honolulu, Oahu, 1 ¢ and 1 @, June 19, 
1942,1 2 and4 @ ¢, late May, 1943, and 4 @ 92 and2 ¢ ¢, June, 
1943 (reared). 

This small species is related to Astata bella Cresson (Trans. Am. 
Ent. Soc. [Proc.} 9: vi, 1881 ¢ “Hab.-San Diego, California’”’). 

While at the Academy of Natural Sciences of Philadelphia, Mr. 
P. H. Timberlake of the University of California Citrus Experi- 
ment Station, Riverside, California, kindly compared specimens of 
the Astata from Honolulu, Hawaii with the type of Astata bella 
$ and of Astata elegans 2.* Mr. Timberlake believes that the 
Astata from Hawaii—which I describe as A. immigrans—is dif- 
ferent from A. bella, and I quote from his notes taken in Philadel- 
phia: Comparing A. bella Cress., type ¢, “Cal.”: “Differs from 
the Honolulu ¢ in having the white spots on frons extending 
upward each side of anterior ocellus. Eyes more broadly touching 
on vertex.”—‘“Poststigmatal part of marginal cell nearly twice as 
long as the substigmatal part (the two parts nearly equal in the 
Honolulu species). The type has the tegulae and tubercles white. 
Wings with a faint cloud across marginal, second and third sub- 
marginal cells.” 

Comparing Astata elegans Cress., type 2, “W.T.”: “Differs 
from the Honolulu @ in having tegulae, entirely, tubercles and a 
spot behind tubercles, ivory-white. Median lobe of clypeus armed 
apically with three equal teeth. Stigma larger. Marginal cell about 
twice as large as in the Honolulu species, the part beyond end of 
stigma somewhat less than twice as long as wide, instead of as 
long as wide.” . 

Astata tmmigrans has a very short marginal and third submar- 
ginal cell, in this respect approaching the genus Diploplectron Fox. 


On July 18, 1939, I observed some small wasps on a large spread- 
ing plant of Portulaca oleracea Linn. that was growing in the hot 
sunshine at Ewa Plantation Company, Oahu. Most of these wasps 
proved to be the active Solierella rohweri (Bridwell), but there was 
also. a stouter-bodied species with a red abdomen that was new to 

* W. H. Patton (Can. Ent. 27[1]}:280, 1895) states: ''Astata montana, Cress. [Syn. Ast. 
elegans, Cress., @ Q; Syn. Ast. bella, Cress., g }s—the three names belong to one variable 
species.’ Maidl and Klima (Hymenopterorum Catalogus, Pars 8, Sphecidae 1:22, 1939) 
accept Patton’s synonymy. The present writer believes that more than one species is involved 
in this synonymy. 





’ Proc. Haw. Ent. Soc., Vol. XII, No. 3 Plate XXXI 


EXPLANATION OF PLATE XXXI 


. Astata immigrans, male. Length 5 mm. 
. Astata immigrans, male, head from in front. 
. Astata immigrans, female, head from in front. 


. Astata immigrans, male, portion of antenna, to show slight latero-ventral 
swellings basad on 7, 8 and 9. 


. Astata immigrans, female, pygidial outline. 
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me. A half dozen of these, including both sexes in fresh condition 
were captured by means of wide-mouthed vials. They were deter- 
mined as a species of Astata, and it was surprising, in my ex- 
perience that insects of this genus, so wary elsewhere, could be so 
readily taken here. 


No further attention was paid to Astata immigrans until June 19, 
1942, when the wasps were found rather abundantly on Portulaca 
at the Experiment Station, H.S.P.A., Honolulu. The following 
year the first of these wasps was observed on May 22, at the same 
place; they continued numerous through June and July, becoming 
scarce by early August, although the last specimen, a male was taken 
on September 19. In 1944 it was first seen on June 10. On March 
14, 1945 a female Astata was observed on Portulaca on the hot 
Waianae lowlands, and again specimens were seen on March 22, 
in Honolulu. The wasp is at least two-brooded here, becoming 
scarce or, disappearing in the late fall and winter in the few acres at 
the Experiment Station, where their presence or absence may to 
some extent be regulated by the periodic destruction of Portulaca 
and other weeds there. I believe that in more favorable localities 
it may persist throughout the year, as does the little Nysius bug that 
constitutes its prey. 

In sunny weather the male stations himself upon some stem or 
other convenient object from which he surveys his small world. 
The huge, chiefly lichen-green eyes and the shining wings make him 
conspicuous enough as he pivots about alertly or pursues some 
passing insect, to return to or near his station again. He appears to 
mate frequently and is often carried about by the female. The latter 
in her search for immature bugs creeps among the Portulaca stems 
or on the soil under the plants. Her eyes of the usual size are 
bluish, becoming black towards the mandibles. 

It is very difficult to study the-nesting activities of Astata in the 
field. She catches her relatively small prey, stings it to paralysis 
and is off in a flight too swift to follow. But I was rather successful 
in observing her activities in a large jar. In such a situation female 
wasps lived from 13 to 17 days. 

On May 24, 1943, I placed several inches of sifted soil in two 
large jars, added some Portulaca plants, a quantity of immature 
Nysius nigriscutellatus Usinger (1942), a species of bug commonly 
found on this weed, and finally put in Astata immigrans wasps. 
Some days later the two wasps were observed each holding an 
immature bug to her breast. The nest holes were not located how- 
ever, there being too much loose soil and debris about. Neverthe- 
less, one of the two jars stocked with a single female wasp yielded 
a progeny of eight males and six females, between June 20 and 29. 
Thus the life-cycle—from egg to adult—occupied a minimum of 
about 26 days. 
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EXPLANATION OF PLATE XXXII 


. Young Nysius bug with egg of Astata immigrans glued on its breast. 
. Astata immigrans, large larva. 


.. Astata immigrans, larval head, last stage, slightly inclined forward from 
mouth, 


. Astata immigrans, cocoon. Length about 8 mm. 
. Astata immigrans, pupa. Length 6.5 mm. 
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Much better results were obtained commencing June 14, 1944, 
when a 9” x 15” jar was placed on its side so that a tongue of 
shallow, well-packed soil extended free from the mass of Portulaca 
plants towards the mouth of the jar. Young Nysius bugs were 
added from time to time and a single male and three female wasps 
introduced. On June 15, a fourth female was added. The jar was 
kept on the laboratory counter and away from direct sunlight. The 
soil was but slightly moistened. The wasps’ activities were observed 
only at irregular intervals. The male wasp by his frequent matings 
appeared to interfere with nesting operations, carried on by the 
females. 

Late in the morning of June 17 a single wasp was noted ex- 
cavating her burrow on the tongue of soil. She would back out 
dragging a load of soil with her mandibles or throw it behind her 
with her fore feet, so that a low inconspicuous heap was formed 
before the short burrow. Presently she sallied forth among the 
Portulaca plants, to return at 11:25 A.M. with a Nysius nymph 
beneath her body which she thus carried into her burrow. Other 
bugs were brought in at 11:40, 11:49, 11:55 A.M., and at 12:00 M. 
Other Astata were observed nesting close by. They quarrelled to 
some extent. 

The wasp likes to search the tips of the plant for her prey; she 
appears little excited when a suitable Nysius nymph is found, but 
grasps it and brings her abdomen beneath and forward to sting the 
bug to near immobility. One of these wasps observed malaxating 
her prey held it beneath her, venter up, by means of her first and 
second pairs of legs and applied her mouth parts to its throat and 
leg bases. When that is finished Astata grips the basal portion of 
the bug’s antennae with her mandibles, releases the leg-hold and 
walks or hops off with her burden, by an often circuitous route, to 
the nest hole which she enters headfirst. The burrow except when 
completely stored appears to be always left open. It is a short affair 
of more than one cell, and each wasp undoubtedly excavates several 
burrows in her lifetime. 

At least one individual was engaged in nesting activities as late as 
June 26. On the day following I carefully dug up the main burrow 
area. Small groups of bug nymphs were thus exposed in some cells, 
and in two cases there was an Astata egg glued obliquely on the 
bug’s breast. The victims could do no more than twitch their toes. 
In other cells were larvae spinning their cocoons, and some pre- 
pupae and a pupa in their very flimsy envelopes. A few of these 
early stages were preserved. 

The delicate, glassy white egg is about 1.05 mm. long (fig. 6). 
The larva (fig. 7), at least when well grown, shows no pilosity ex- 
cept sparsely about the mouth region of its globular head ; the body 
is little modified, having no lateral thoracic papillae such as occur 
in the Larridae, and the lateral body ridges are not conspicuous. 





647 


The pupa (fig. 10) is at first creamy white with glassy appendages ; 
the legs are short-spined while the abdomen bears dorso-lateral 
spine bands. It is an active wriggler. The cocoon (fig. 9) is a 
fragile affair of silk and grains of soil and unless carefully taken up 
in its entirety is likely to fall apart. 
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Figure 1.—Diploplectron sp., 6. San Francisco, California. 


In all, twenty-three individuals of Astata in various stages were 
secured from these cells. Six males and eleven females (two of 
which were in a crippled condition) were hatched, becoming fully 
developed from July 10-14. 

Observations on the biology of other species of Astata have been 
made in several parts of the world by a number of entomologists. 
The species of Hemiptera which these wasps favor belong to the 
family Pentatomidae, but they also store bugs of the families 
Coreidae and Lygaeidae. In the San Francisco Bay region of Cali- 
fornia, I have found a species of Astata with a red abdomen prey- 
ing upon adult Nysius strigosus Uhler and nymphs of what was 
probably Lygaeus bicrucis Say. 
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For literature on the genus Astata consult Hymenopterorum 
Catalogus, Pars 8: F. Maidl et A. Klima; meetin 5: ( Astatinae 
—Nyssonidae), 1939. 


The genus Diploplectron Fox (Trans. Amer. Ent. Soc. Phil., 
20: 534, 1893) differs from Astata most obviously in the venation 
of the forewings, and in having the compound eyes of the male well 
separated at the vertex. The wasps average much smaller in size 
than Astata, and the genus has fewer species and a more limited 
distribution, occurring in the United States chiefly west of the Mjs- 
sissippi, and in South Africa. Further collecting will probably ex- 
tend the distribution of these obscure little wasps. There may be 
considerable variation in wing venation among individuals of the 
same species of both Astata and Diploplectron, and our species 
need further study. 


At least three species of Diploplectron are found in California. 
Two species occur in the region of San Francisco, while what may 
be a third species inhabits the Sierra Nevada Mountains. Southern 
California should yield one or more species. In San Francisco itself 
there is a Diploplectron (text figure 1) separable from a form that 
occurs nearby, at San Rafael, in Marin County and Menlo Park, 
San Mateo County, and no doubt elsewhere, chiefly in having longer 
antennal joints. These two insects, as far as known, inhabit dif- 
ferent subfaunal areas. 


The writer has made but scant observations on the biology of 
Diploplectron. In San Francisco, the wasp was noted chiefly during 
the summers of 1922 and 1930. The female Diploplectron, an 
active little polished black insect;.keeps close to the ground, enter- 
ing superficial holes and rummaging under debris in her search for 
the nymphs of Sphragisticus, nebulosus (Fallen) (Lygaeidae), a 
small black bug that is found in such situations. The wasp stings 
her prey, grasps it by the antennae.and bears it nestwards. She has 
the aggravating habit of hopping upgrade with her apparently heavy 
burden and then of disappearing in flight. The nest is dug in the 
sand, several bugs being stored in a cell. The egg is glued to the 
breast of one of these bugs. This wasp also preys upon bug nymphs 
of a paler color, species undetermined. 


At Menlo Park, during the summer of 1937, another species of 
Diploplectron was taken preying upon an adult Rhyparochromus 
californicus Van Duzee and what appeared to be a nymph of Em- 
blethis vicarius Horvath, both of the family Lygaeidae. The bug 
determinations were made by the late Mr. E. P. Van Duzee. 


Diploplectron reticulatus n. sp. (plate XX XIII, figures 14-16) 


Male, type: Length 4.8 mm. Head and thorax subopaque, abdomen shining. 
Black; mandibles reddish with some yellow near base, antennae brownish, 
paler apically, first and second pairs of legs dark brown, tarsi paler, posterior 
femora, tibiae and tarsi orange-red, tegulae pale brown, postnotum and propo- 
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A 


EXPLANATION OF PLATE XXXIII 


. Astata immigrans, male, terminalia; P, paramere; S, volsellar plate; 
U, lateral plate of aedeagus. 
. Astata immigrans, male, ninth sternite. 
3. Astata immigrans, male, tenth abdominal segment. 
. Diploplectron reticulatus, male, type, ocelli. 
. Diploplectron reticulatus, male, type, portion of antenna. 
. Diploplectron reticulatus, male, type, head. 
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deum with faint indications of reddish, abdomen orange-red. Head very finely 
reticulate ; clypeus drawn out mesad as a simple narrow lobe; antennal joints 
3 and 4 subequal; interocular space at vertex slightly less than joints 2 + 3; 
ocelli in an acute triangle; line from anterior ocellus to near clypeus not 
strong. Thorax very finely reticulate, except scutellum which is largely gla- 
brous ; disc of propodeum finely reticulate in a transversely wavy effect, de- 
pressed mesad apically, only a trace of marginal curved groove; propodeal 
pleura finely reticulate and with short oblique carinulae, this sculpture more 
obscure on posterior face which has a triangular fovea above. First recurrent 
and first transverse-cubital veins interstitial, second recurrent received in 
middle of second submarginal cell, third submarginal cell of usual abbreviated 
form, about equal in length above and below; apex of posterior wing with an 
infumate spot. Last visible ventral segment with the apical portion narrowed, 
parallel-sided, rounded and subtruncate apically. 


Tucson, Arizona, May 20, 1920 (F. X. Williams). One male in 
fair condition. 

Evidently related to D. vierecki Pate (Ent. News, 52: 4-6, 1941) 
from El Paso County, Texas, but differs from that species in its 
simple, conically pointed clypeus and in its wholly reticulate meso- 
notum—without small, moderately close punctures. 

Type to be deposited in the collection of the California Academy 
of Sciences. 





The Occurrence of Trypanosoma conorhini Donovan in the 
; Reduviid Bug, Triatoma rubrofasciata (Degeer) 
from Oahu, T. H. 


By LT. SHERWIN F. WOOD H(S), USNR 
(Presented at the meeting of August 13, 1945) 


In 1942, C. E. Pemberton (Hawaiian Med. Jour., 2: 192) re- 
ported a large number of specimens of Triatoma rubrofasciata 
(Degeer) collected in an old lumber pile in the Kaimuki district 
of Honolulu. Previous studies by Donovan (Trans. Bombay Med. 
Congr., 1909, Feb. 24: 159), Lafont (C. R. Soc. Biol., 1912: 380- 
382; Ann. Inst. Pasteur, 1912, 26: 893-922), Morishita (Japanese 
Jour. Zodl., 6: 459-546) and Bonne (Geneeskundig Tijdschrift 
voor Nederlandisch-Indie, 1936, 76: 2483-2486) have pointed out 
the similarity of the parasites harbored by T. rubrofasciata to the 
causative agent of Chagas’ disease, Trypanosoma cruzi Chagas. 

After consultation with Honolulu entomologists, a search was 
made of some likely localities in the Kaimuki district May 26, 1944, 
by Dr. Walter Carter and the writer, but no Triatoma were found. 
Through the kindness of Dr. Carter, two male and two female 
Triatoma rubrofasciata collected by Mr. K. Ito under a chicken 
coop on March 27, 1945 were obtained. The insects were dead 
when dissected May 19, 1945 but one male and two females showed 
typical crithidial and trypanoform stages of Trypanosoma conor- 
hini Donovan. One male collected May 24, 1945 from the daven- 
port inside a neighbor’s house was examined in Dr. Carter’s 
laboratory on May 31, 1945 and revealed a heavy infection of the 
same parasite. Subsequently, Mr. K. Sakimura brought in nineteen 
nymphs, one male and one female from a house for cats in the 
Kaimuki district. All of these bugs were negative but another 
male and female collected by the writer with Mr. Ito in the same 
general area from under a chicken coop were heavily infected. 

The structure of these parasites from stained smears and the 
characteristic motility of the trypanoform stages agree very closely 
with previous studies of the crithidial and metacyclic trypanosome 
forms of Trypanosoma cruzi harbored by Triatoma protracta, T. 
protracta woodi, T. rubida, T. gerstaeckeri, and T. longipes, in 
the United States. 

The writer is indebted to Mr. Ed. Mau, in charge of the Plague 
Laboratory, for permitting use of laboratory facilities in maintain- 
ing the insect cultures. 


Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 





New Usingerius from the Philippines and Borneo 
(Coleoptera: Curculionidae) 


By ELWOOD C. ZIMMERMAN 


Bernice P. Bishop Museum, Honolulu 


(Presented at the meeting of November 19, 1945) 


The anthonomine genus Usingerius was described to receive its 
genotype, U. maculatus Zimmerman from the island of Guam 
(Bishop Museum Bull. 172 :94, 1942). It is of considerable interest 
to be able now to record two new forms, one from the Philippines, 
the other from Borneo, thus removing another monotypic genus 
from the lists. Moreover, the new zoogeographical data are worthy 
of being added to the published record. 


Usingerius has no tibial mucrones, the antennal funiculi are six- 
segmented, the tarsal claws are deeply cleft, the femora are toothed, 
the eyes are large, protuberant, close together above, and the vesti- 
ture of the dorsum of the body consists of prostrate squamules. 


Usingerius rubens, new species (fig. 1, a; fig. 2, a, b) 


Female. Derm reddish brown, appendages paler reddish brown to brownish 
yellow; dorsal vestiture white everywhere except where there are some 
irregular and probably variable areas of dark, bronzy squamules; vestiture of 
appendages and under surfaces white. 

Head with crown obviously depressed below level of eyes and slightly below 
interocular area, reticulate, minutely punctate, lanceolate squamules similar to 
those on pronotum, not concealing derm; interocular area about one third as 
broad as an eye as measured from above, derm concealed there by condensed 
squamules. 

Rostrum, measured along its chord from dorsal apical margin to a point 
beneath anterior edge of an eye, as long as breadth of pronotum, evenly 
arcuate; with carina at middle, at dorsal margins of scrobes and one between 
these on sides distinct, the four grooves between these five carinae distinctly 
setose ; antennae inserted at one fourth distance from middle to apex beyond 
middle ; area beyond antennae shiny and minutely punctate. 

Antennae with club of scape about as long as first antennal segment; first 
funicular segment as long as II plus III, segment II about as long as III 
plus IV, V and VI each slightly broader; club somewhat longer than preced- 
ing six funicular segments, joints between two basal segments deeply and 
distinctly marked. 

Prothorax one fourth broader than median length to apex of prescutellar 
lobe, broadest at about middle; base shallowly concave on either side of 
prescutellar lobe; sides convex from base to beyond middle, thence concave 
to apex ; subapical’ constriction continued across dorsum, the longitudinal out- 
line of which is sinuous, basally convex, reaching its maximum height near 
middle and obviously discontinuous with longitudinal dorsal contour of 
elytra; densely, moderately coarsely punctate; squamules rather coarse, sub- 
lanceolate, decurved, most!y well separated, densest on prescutellar lobe and 
there concealing derm, also more condensed on sides in subapical constriction. 

Scutellum convex, clothed with fine, appressed squamules. 
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Elytra about three fourths as broad as long, about three and one half times 
as long as side of prothorax (measured from side, prothorax from front to 
humerus, elytra from humerus to apex), nearly straight on sides from broadly 
rounded humeri to near middle, thence arcuate to apex; striae well defined; 
intervals broad, convex, minutely roughened and punctate; squamules similar 
to, but somewhat smaller and more appressed than. those on pronotum, 
directed caudad and not echelon-like. 


Legs rather loosely clothed with prostrate hairs; femora with teeth strongly 
developed throughout; fore femoral tooth almost forming an equilateral tri- 
angle, nearly as high as subapical breadth of a tibia; tibiae strongly sinuous 
on en side, anterior pair almost twice as broad at about middle as sub- 
basally. 

Sternum hirsute; prosternum with coxae so close together that vestiture 
of two coxae touches; metasternum with a meédian fovea behind, about as 
long at its narrowest point between mid and hind coxae as length of first 
ventrite behind a coxa; pleura squamulose. 


Abdomen with ventrites finely punctate, hirsute, finely so on their disks, 
more coarsely laterad, the finer hair more slanting or suberect, the coarser 
hair or setae more prostrate ; pygidium concealed. 


Length (éxcluding head): 2.7 mm.; breadth: 1.4 mm. 


Figure 1.—Sketches of fore femur and tibia of a, Usingerius rubens Zim- 
merman, and b, Usingerius rubens parvidens Zimmerman, 


Philippine Islands. Holotype female (United States National 
Museum, number 57243) collected by the late C. F. Baker at Dapi- 
tan, Mindanao (bearing the number 4477). 





Figure 2—New Usingerius. a, dorsal, and b, lateral views of Usingerius 
rubens Zimmerman. c, Usingerius rubens parvidens Zimmerman. (Photo- 
graphs prepared at the U. S. National Museum, and reproduced through the 
courtesy of L. L. Buchanan.) 
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This species differs specifically from Usingerius maculatus in a 
number of ways, some of the most salient of which are as follows: 
it is somewhat larger, proportionately broader, the vestiture is white 
instead of predominantly golden or yellowish, and the elytral squa- 
mules, in addition to being distinctly coarser, are all directed caudad 
instead of those along the middles of the intervals being directed 
caudad while those on either side are directed obliquely toward the 
median line as on U. maculatus. 


Usingerius rubens parvidens, new subspecies (fig. 1, D; fig. 2, c) 

With the specimen described above, a single individual from 
Borneo also was sent to me for description. This second specimen 
is closely similar to typical rubens, but it cannot be assigned to that 
form because of certain distinctive features. A series of specimens 
might furnish additional information that will show that the forms 
are specifically distinct. However, with the inadequate material now 
at my disposal, I believe that it is best to consider this example as 
representing a geographical subspecies. 


The description of rubens will apply almost in every way to this form 
excepting in the following particulars: The abdomen is typically feminine, 
with the pygidium concealed, and I believe the specimen is a female. How- 
ever, the rostrum is more masculine, it is not as long as the breadth of the 
pronotum, the antennae are inserted at about the distal third, and the dorsal 
area beyond the insertion of the antennae is more coarsely punctured. The 
femora are not so heavy, and the teeth are obviously smaller. The tooth on 
the fore femora is only half as long as the breadth of a fore tibia. The fore 
tibiae are quite differently shaped, they are not nearly so sinuous along their 
inner edges, are not broadened submedianly as on rubens, and their sub- 
median breadth is obviously less than twice as broad as the subbasal breadth. 
The differential characters of the legs can best be appreciated by examining 
the diagrams. 

Length (excluding the head): 2.25 mm.; breadth: 1.25 mm. 


Borneo. Holotype female (?) (United States National Museum, 
number 57244), collected by C. F. Baker at Sandakan, British 
North Borneo (bearing the number 15039). 
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Browne 1887, not Douglas 1888, the Author of Orthezia insignis 
(Homoptera: Coccoidea) 


By ELWOOD C. ZIMMERMAN 
Bernice P. Bishop Museum, Honolulu 


(Presented at the meeting of November 19, 1945) 


During a research trip to the mainland in 1940 while preparing 
manuscript for the forthcoming manual “Insects of Hawaii,” I had 
an opportunity to check the original descriptions of various insects 
in journals not available at many institutions. This work in the 
nation’s finest entomological libraries resulted in some rather un- 
expected results which will be published later, but it has been sug- 
gested that the case involving the common pest species, thie green- 
house Orthezia, should be brought to light now. Hence, this note 
is presented here. 

In August 1887, E. T. Browne read a paper to the Quekett 
Microscopical Club, and in series 2, vol. 3, pp. 169-172, plates 16-17, 
December, 1887 his paper was published in the society’s “Journal”’ 
under the title “Notes on a Species of Orthezia found in Kew 
Gardens.” In this paper he described and figured Orthezia insignis. 
This is the original description of the species, although I have never 
seen it credited to any author other than Douglas. The paper 
prepared by J. W. Douglas, however, “Note on Some British 
Coccidae,” The Entomologist’s Monthly Magazine, 24: 165-171 
(the number for December, 1887) was not published until January 
1888. Some authors have credited the species to Douglas and have 
cited the Journal of the Quekett Microscopical Society, 1887, as 
the reference, although that paper was written by Browne. 


I have called this problem to the attention of Dr. Harold Morri- 
son, who has also checked the matter carefully and has discussed it 
with Mr. C. F. W. Muesebeck. These workers agree with the con- 
clusion that Browne is the author of the species. Dr. Morrison has 
kindly forwarded the following pertinent data: 


Browne evidently studied his Kew Gardens discovery, going to the extent of 
looking up pertinent literature and comparing the insects with specimens in 
the British Museum. His paper contains a number of descriptive items, noted 
as characteristic of the genus Orthezia, but plainly based on his observation 
of this particular species. His comments on and figures of the adult male 
obviously are in error, almost certainly based on a Pseudococcine male. 
Browne quotes a communication from J. W. Douglas expressing his (Doug- 
las’) opinion that the insect is new. At no point in the text is the name 
insignis mentioned, nor are any claims made that the author (Browne) is 
attempting to describe a new species. However, in explanation for Plate XVI 
the following notation is made: “Fig 1. Orthezia insignis, male, x 30 diam.” 
and this is followed: immediately by “Fig. 2, Orthezia insignis, female, x 30 
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diam.” . The error in attributing to Orthesia the male characterized by 
both Douglas and Browne was soon discovered and corrected in print by 
Mr. E. E. Green. 


What has happened, it appears, is that Browne “scooped” Doug- 
las in describing the species, although he did not do so intentionally. 
Browne was apparently more intent upon describing the habits 
of the species than naming it as a new insect, as indicated in 
the following statement by Douglas (1888, p. 171): “In August 
Mr. Edward T. Browne, Unbridge Lodge, Shepherd’s Bush, sent 
me several examples of this species, which he had obtained in the 
Royal Gardens at Kew, requesting that I would describe it if 
new,... However, it is essential to have certain basic technical- 
ities to make for stability in nomenclature, and according to the 
rules of zoological nomenclature Browne first described, figured 
and gave a name to the species. The credit belongs to him, and the 
species should be known as Orthezia insignis Browne. 














A Remarkable New Pseudopsectra from Maui 
(Neuroptera: Hermerobiidae) 


By ELWOOD C. ZIMMERMAN 
Bernice P. Bishop Museum, Honolulu 


(Presented at the meeting of December 10, 1945) 


Flightless derivatives of volant native insects are always fascinat- 
ing objects of study. Herein is presented the description of Pseu- 
dopsectra cookeorum, one of the finest and most spectacular of all 
of the known Hawaiian Neuroptera. Its discovery gives further 
weight to the opinion that a whole series of such local, aberrant 
offshoots of the large Hawaiian genus Nesomicromus remain to be 
discovered by diligent collecting. The evolutionary processes which 
are responsible for the origin of this unusual creature have created 
a flightless, spinose “monster” whose salient characters are unique 
among its known allies. 


Pseudopsectra cookeorum, new species (fig. 1) 


Derm mostly glistening, appearing as if wet, basically brownish yellow 
marked with fuscous and piceous; head and antennae nearly concolorous, 
spines on crown darker; thoracic nota similarly colored, but pronotum tend- 
ing to be darker on side margins; legs with femora somewhat clouded, fore 
and mid tibiae rather obscurely darkly biannulate; venter of abdomen yel- 
lowish apically but becoming darker basad; fore wings with entire margin 
with subequally spaced dark marks which make an alternating dark and pale 
marginal pattern, main veins with variable and irregular dark maculae. 

Head with face shiny, but derm shallow!y punctate, minutely alutaceous, 
finely hirsute; crown irregularly protuberant, asperate, setose, conspicuously 
spinose, the spines bipartite, each consisting of an elongate, heavy, rod-like 
base from the apex of which arises a strong, acuminate seta; antennae about 
as long as greatest chord of a fore wing; terminal segment of maxillary 
palpus about twice a long as penultimate, flattened, lanceolate-acuminate ; 
distance across eyes, as seen from front, equal to length of pronotum plus 
about one half of crown. 

Thorax with pronotum about one sixth broader than long, surface rough- 
ened by small tubercle-like bases of numerous, bipartite, short spines, and 
dorsum bristling with conspicuous, large, bipartite spines similar to but larger 
than those on crown, the larger of these fully as long as diameter of an eye 
(about 0.25 mm.), these large spines confined to the three transverse, lobe- 
like zones on dorsum, posterior zone with one spine on either side of median 
line, median zone with five to seven large spines on either side, anterior 
zone with about nine to twelve spines; median line of disk well defined 
anterior to basal zone, free from large spines and separating the median and 
anterior zones into halves; mesonotum with similar small and large spines, 
and with about four or five large spines on either side, metanotum with only 
a single pair. 

Wings with fore pair shaped as illustrated, venation as illustrated, about 
twice as long as broad, hind (dorsal) margin continuously arcuate, thick, 


Proc. Haw. Ent. Soc., Vol. XII, No. 3, May, 1946. 










660 


entirely coarsely reticulated by a network of multitudinous, coarse, cross- 
veins all armed with small, bipartite spines, and marginal veins, main veins 
and their principal branches armed in addition with large, very conspicuous 
bipartite spines as on head and thorax, but some of them larger (some 0.4 mm. 
long) ; hind wings minute, easily overlooked fleshy flaps about 0.1 mm. long, 
evidently veinless. 


Legs with fore and mid femora and tibiae bristling with spines and setae, 
hind pair setose but with fewer spines. 


Abdomen moderately shiny; conspicuously setose, the setae arising from 
distinct basal granules. 


Length (wings closed against body, measured from front of head to apex 
of wing): about 4 mm.; expanse: about 7.5 mm. 


Island of Maui, Territory of Hawaii. Holotype male and allo- 
type female beaten by me from Dubautia growing on the steep 
slope just inside the rim below the summit of Haleakala Crater at 
about 9700 feet elevation on April 25, 1945. 


It is with much pleasure that I dedicate this remarkable indigene 
to my close friends, Dr. and Mrs. C. Montague Cooke, Jr., whose 
kindness and interest in my work made possible my 1945 collecting 
trip to Maui. 


In my “Studies of Hawaiian Neuroptera” (Proc. Hawaiian Ent. 
Soc. 10[3] : 487-510, 1940), two species were added to the then 
monotypic Pseudopsectra, and it was pointed out that with the 
discovery of the new species the gap between Pseudopsectra and 
Nesothauma had been reduced. This new species further reduces 
that gap. The prominent spines on the fore wings, thorax and head 


are distinctive, but these, remarkable as they are, are only relatively 
spectacular developments of the fine hairs or setae of our other 
hemerobiids. The pronounced reticulate pattern’ formed by the 
veins and cross-veins in the fore wings is shared by other species, 
especially by P. swezeyi. 
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Zimmerman Pseudopsectra, Proceedings, 1945 (1946) 


Figure 1.—-Pseudopsectra cookeorum Zimmerman, new species. Male 
holotype (upper figure) and female allotype. (Photographs by J. T. Yama- 
moto, courtesy of the Hawaiian Sugar Planters’ Experiment Station.) 








NEW INSECT RECORDS FOR THE YEAR 1945 


Species marked with an asterisk were reported in the Hawaiian 
Islands for the first time in 1945, on the dates recorded in the text. 
Those not so marked were observed here prior to that year, but 
have only now been identified. For particulars refer to the pages 
indicated. 


CHANCE IMMIGRANTS 


*Psoroptes communis Fiirstenberg (Acarina: Sarcoptidae) 
*Cerosiphum subterranea (Mason) (Homoptera: Aphididae) 
*Leptomastix dactylopii Howard (Hymenoptera: Aphelinidae) 
Comperia falsicornis (Gomes) (Hymenoptera: Encyrtidae) 
*Anacamptodes fragilaria (Grossbeck) (Lepidoptera: Geometridae)... 466 
*Epitrimerus sp. (Acarina: Eriophyidae) 

*Amyna natalis (Walker) (Lepidoptera: Agrotidae) 
*Polydesma umbricola Boisduval (Lepidoptera: Agrotidae) 
*Eurytoma sp. (Hymenoptera: Eurytomidae) 

*Paraidemona mimica Scudder (Orthoptera: Acrididae) 
*Metioche sp. (Orthoptera: Gryllidae) 

*Polemistus luzonensis Rohwer (Hymenoptera: Sphecidae) 
*Rhipidius sp. (Coleoptera: Rhipiphoridae) 

*Aleyrodes spiraeoides Quaintance (Homoptera: Aleyrodidae) 
*Aleyrodes shizuokensis Kuwana (Homoptera: Aleyrodidae) 
*Capitophorus chrysanthemi Theobald (Homoptera: Aphididae) 
*Coloradoa rufomaculata (Wilson) (Homoptera: Aphididae) 
*Oxypleurites sp. (Acarina: Eriophyidae) 

*Unidentified moth (Lepidoptera: Geometridae) 

*Tendipes (Chironomus) sp. (Diptera: Tendipedidae [Chironomidae]) 491 
*Merothrips morgani Hood (Thysanoptera: Terebrantia) 


BENEFICIAL INSECTS PURPOSELY INTRODUCED 


*Procecidochares sp. (Diptera: Trypetidae) 
*Apanteles bedelliae Viereck (Hymenoptera: Braconidae) 
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Conocephalus saltator ....5, 28, 217 
COVOGETUS: GEBUE a.ob.6 66a sc sc cdsiies 87 
Conotrachelus NABO ....ecessse. 352 
Constitution, Hawaiian 
Entomological Society ....495 
Contarinia dulcamara .......... 526 
IVODDOEMIOC 6.5 .0:9:6 0.066.009 68, 69, 


71, 525, 526, 527, 529, 531, 533 
maculipennis. 525, 527, 529, 533 


ODIO ox s:0:.<:5 525, 526, 529, 533 
SOUROGEE, wis co stuwenteves 525 
Di . beobadun ke oe-beeeeeas ae 465 
Corixa blackburni (see 
Trichocorixa) 
Corizus hyalinus.......... 17, 23, 83 


Cosmolyce boetica...66, 89, 141, 413 
Cosmopterygidae, key to larvae 





of Hawatian spp... ........ 144 
COMMODIBTIE DR. cc ccvcwscssvesss 366 
I FeO ss 555 9050 0 ies ona eee 401 

*novocaledonicus ..... 445, 448 
eo, ee eee ere 472 
Cremastobombycia lantanella ... 18 
Cremastus flavo-orbitalis ....... 91 
CONE oo ds bcc 'ess vevicccive 360 
CriOCSlib BUDDOUEB. 5... <0 60065 0008 355 
Crocidorema lantana ..... 006 145 

Cryphula affinis ................ 370 
apicatus 370 

fasciatus 370 
Cryptamorpha desjardinsi ake a 

Sh vie aha eis ib sb-6 nie 86, 314, 357 
Cryptoblabes aliena ......... 26, 143 
Cryptocheilus caledonicus ..425, 426 
Cryptolaemus montrouzieri ..... 

Spee waa none cieae 86, 313, 470 
Cryptomiiotta. <..ccsscicnses 470, 629 

illepida (see Agyroploce) 

MONO. oss sissy Feb oy Bae 631 

RN of 580. ais otoinige weierie a 631 
Cryptorhopalum (see Orphinus) .225 

RW RITTND 5 5-09 ¥'o.guw-erd e's eye's 225 

TORTONTIINS | 55. 5.455.055 ob ag oreee 225 
Cryptorhynchus mangiferae..14, 479 
Cryptotermes piceatus ......... 231 
Crypitothrips dimidiatus ....250, 251 
TS «kp tvnkede svar bbisaccrass 401 
Ctenochiton elongatus .......... 384 
Cueullia UmMbratica ...0.0.00csee 398 


Culex fatigans 
(see quinquefasciatus) 


ONS caccapasvenas> 0 use 152 
quinquefasciatus ......... 

. 24, 25, 89, 150, 152, 153, 229 
Curinus coeruleus ........... 86, 314 
CE casi ceeh ceed eeseaneee 158 
Cycloptilium bimaculatum ...... 309 


Cycloptiloides americanus ...... 309 
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Cylas formicarius ....... 
CYNON CFIMICOPMIS . 1.6 60sec veces "315 
Cymatopus acrosticalis 
Cyparium terminale ............ 
Cyphomyrmex rimosus .. 

Cyphononyx parvulus 





VILICRBIS 6s bvic ves 
Cyrtopeltis VArIANG: «.... 6.6 06.0-00:0:0 
66, 70, 71, 75, 82, 306 
Cyrtorhinus fulvus arene Ree ee 148 
WEVIGIDOTING odes okveccces 148 
WRITING: 6 ooo %ere oo vedere os.008 148 
ERWNE co ibieb 4505000786 oacer> 148 
*zwaluwenburgi ....... 147, 148 
Cysieochila vitilevuana ..... 287-288 


Dactylosternum dispar.227, 233, 461 
DACUS ‘CUCHTDINGC 6 os 5k serees ces 
..68, 71, 90, 291, 305-306, 479 








Danaus plexippus ....... 3, 140, 413 
DARVCRITR CORCRHE. 6600 osccaee 60s 365 
Dasyhelea calvescens ........... 
Palas a cietnan ae 6 172, 178, 180, 492 
hawaiiensis ..172, 176-178, 492 
POU TERT S a ii9'5 68-0 oes Macon 231 
WIN scsesiesa see os Saale 
TRIED. 5 6:63 dob 0 veiled eee bole os 408 
Deipnopsocus sp. 
DGIOFOIR BUTCHER ooo csvcviecsiesces 356 
tained x ipomeae ...... 
ae ne ae 68, 70, 125, 130, 216 
Dermestes tame Dotnet 226 
VEIDINGS oc iesc scree 226, 358 
Derimothrips hawaiiensis ....... 
eae 121, 130, ees 
Desmometopa m-nigrum ....... 317 
Diabrotica duodecimpunctata ... 
Beau cohesive eisteta Seats ark 537, 569 
ch ge OE OE COE: 537 
WAI. og oS se talecdie oreen 537, 569 
Diachasma: tryoni ...ccccccccecs 490 
PIGCHUS RUTACOS acces biweies cence 87 
PNAISULOGER CTT oisiicecscics caus 37% 
BIE osc iis vee vaveas 85, 312 
MPR a cos Lickiec dey ale eicerinw wee 420 
Diarthrothrips coffeae .......... 277 
"SACCHAFICOIUS 5. ovcesccacce 
Scare as Oniste 3 250, 255, 275, 277 
Diaspis boisduvalii ..... 85, 374, 377 
COON OD © 6.50. 0.6055 0% te seieens 377 
BOMRMODAOES ~0)..6 3 o.6.0:00 0 5500 385 
DIGSEGCRUS. BD, . ons cc ee vies 347, 349 
Diatraea saccharalis ............ 296 
Diaxenes dendrobii ............. 354 
PUMIDORODEIS. ous ceccciescuste 354 
TEES: nec EG Or bree kiee ones cee 
DOGG OANIIS acs niece aw hee sve eee 396 
*Dichaetothrips adventor ....... 
NAR RTGR GREE SO 250, 253, 259 
NINES. 5c cisccia ecie bs vievecsiece 324 
WHET os oe atic surene cee cBOO 
Dichromothrips orchidis ........ 394 
EI vga tens Cite aisswet sees es 414 
Dinoderus minutus ............. 315 
Diorymerellus laevimargo ..347, 348 
PRUNES 6.0 oo sie. sini e006 0d os 
er ere 
Diploplectron ........... 642, 647, 648 
PRELICTIALUD 2... ccceeces 648- 650 
WE ii 6Sao.66 Oke nanaanee 650 
Diploptera dytiscoides .......... 82 
TOT BIATON ke vcs veciccas 91 
Discomyza maculipennis ....... 199 
Docessissophothrips 
MONBUTUOBUN . 06.0 c cc cesee 249 
Docidothrips pandani ...... 288, 323 


Dolerothrips carteri (syn. of 
Karnyothrips melaleuca) 














ENON CUOGONUE ob iecec dose devanse 36 
bituberculatus .. 
Draeculacephala ........... 
minerva.471, 552, 
TRGEIIIOD oc ccccwce 
pO RR Serena 566 
Drosphila ananassae ........... 18 
DNS xc ironed esceaeuedean 18 
MOMMONESOF occ cccevveres 18 
WOOFCRUOFUM 2... .ccccccscne 18 
SIIB IMGIOOTA. coliivc deers vsase 90 
Dryophthorus ...............0ee- 205 
Dysitaia: MACUAtA ..cccccieces 215 
TI 6 86 rhe wi dix cwses 4, 67 
Eccritotarsus orchidearum ..... 367 
Ecnmepteryx marmorata ....... 310 
DMD i 5:6 padesesv thee Wascees 448 
ROY ons Cancnswattesawesion 310 
HIGGUSR COPRGUR. 66 oc eccces ce csmee< 369 
*EKirone neocaledonica ..... 418, 419 
ot ee er 418 
DUSTING brides viccesvaces 418 
Elimaea punctifera ....... 7, 81, 391 
BOpMAIG TONGA osc ces veces 181 
BIVOGUOR. MOMGRTICA 2nc ee ecdcicess 142 
BEmblethis vicarius ........ccs0 648 
Empicoris rubromaculatus ..... 83 
Boat! lg) a Serene rice 402 
MMRIENIIO, 6. 6.6. os wecue bakes 402 
Empoasca fabae ....... 472, 582, _ 
WE a 6 Sco cccins anes 66, 

68, 69, 70, 88, 310, 472, at 
Enallagma civile Seaeroudmuawenee 
Enarmonia walsinghami ........ 467 
EMNGYTOSIG TACIOUG: 266s ccccedcvcces 21 

BAVORTOME 00.606 <5 cus aw Ae 
PNSISR SPRITOW 20000 ccicvdscees 20 
po ee er 39-56 

ashmeadi (see E. lineatus) 

ea een a puis os Kec niee ale 41, 50, 51 

DOMAION (5i.0.s0:5,57 41, 43, 48, 49 

capnodes (see E. mauic — 

wiersué Kod ew wisie &e as be neleaie 50 

CABEAMOUS 2.00505 40, 43, "13-49 

dimidiatus 

(see E. mauicola)..... 40, 50 

Po eee 40, 43, 48, 49 

dispilus pallipes ........ 40, 49 

ferrugineus...... 40, 41, 42, 46 

SEGUAWAN! occ ca eecsaess 41, 45 
ORI Gare oy cos 3s 41, 51 


hawaiiensis..40, 41, 42, 46, 50 
henshawi (see E. lineatus) 


a midaererdere oe 40, 50, 51, 53, 54, 56 
A 40, 42, 47-48 
key to Hawaiian spp. ...41-43 
WN 5.6-o.5in kes cannes cee 
slatheumeta 5 40, 43, 48, 50-51, 52, 56 
longicornis eensnaee 40, 43, 52-53 
mauicola....... -40, 41, 50, 51 
melochromus ....... 41, 42, 47 
molokaiensis. .40, 42, 45, 46, 47 
nigricans 
(see E. castaneus) .40, 48, 51 
TTI bk 80-5 cde penance 40, 48 
nigrolineatus ....... 40, 48, 52 
OPDIANE: o:.<:6005 40, 42, 44, 45 
WO cd cae backGar vas 42, 44 
pseudonymus .......... 41, 53 
semirufus (see E. kaalae). 
$e Rode eee he ee sees 40, 47, 48 
CUPID © oi. ccc ccsned Ouae 41, 53 
VWATIGUAtUB. 0052.6 40, 48, 51-52 
waimeae......... 40, 48, 49, 51 
WS PEC TPMIEE oie rceee nnseivee 92 


Enochrus nebulosus ....... 194, 195 
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*Ensiferothrips oie uresentea ners 266 
*primus ...... 250, 266-268, oa 
*Epagoge osteomelesana ........ 
Eparcus cruentatus ............ 392 
Epnemerida ........... 228, 461, 465 
Ephestia cautella ........... 10, 143 
kvehniella (see E. sericaria) 
BOPICMRUN is ots se de ee 21, 28, 143 
Ephialtes hawaiiensis .......... 
ber obec es weuee 134, 469, 470, 479 
Ephutomorpha caledonica. 416, 417 
Spilachna varivestis ........... 358 
Epitragus diremptus ........ 88, 315 
BATS OU OS. 6 oie cbc Cesswevces 473, 661 
EEpitrix Cucumeria ......sesseres 588 
parvula...... 68, 70, 71, 87, 315 
Epopterus ocellatus ............ 359 
PP OCONEE 6-6. 5. s:6:08 5,0.44 cima us 484 
Eremotyloides ......... 41, 43-45, 46 
GRTUMES c pews di sdwee eons 40, 44 
OI ok ca die ddeccunavvaawe 40 
GEMIGNID ski vbncascateces 43, 44 
Ericryphalus sylvicola .......... 88 
Eriococcus araucariae .......... 470 
coccineus ........224, 231, 461 
Eriophyes chinensis ........... 6, 25 
CN eer ore 295 
PGMs oc accworvcas 6, 7, 25, 212 
FRE cas teascoekes neuen enn 537 
Eriophyid on hibiscus........... 473 
Erioptera pilipes var. ...... 236, 244 
Eriosoma lanigerum ............ 28 
Ethmia colonella ............ 133-135 
WRG a6 c80 0 vi ctcadaane 134 
Eucalandra setulosa ............ 351 
Eucalymnatus perforatus ....... 384 
TRUMOIIMROE, So vivicecinscktocins 384 
Eucactophagus biocellatus ......: 350 
graphipterus ..........++.- 350 
NWR: "S's cate do coe a camenuee 350 
Eucelatoria armigera..3, 4, | ae 
28, 29, 215, 220, 316, 469, ane 479 
Jucera longicornis Lae ukegaeee ks 400 
Buchidia SIVPHICa .... 0c ccccscees 399 


Eucnocerus anthrenoides ..213, 314 
Eucosmidae, key to larvae of 





TD, 62k Secvecacv «ivan 145 
Euderus metallicus ............. 92 
Euglossa caennensis ........... 400 

SV OUIEE, (06 e cacsncccuvenns 400 

MMe. od ictitie eae etn aea le ean 401 
Euhyposmocoma ekKaha ......... 470 
Eulota similaris .......... 66, 67, 69 
Eumenes germaini.420, 421, 422, 442 
Eumerus aurifrons ............. 22 

marginatus ........ 22, 89, 316 
NOI GE «6 oo. snes chercc cas 92 
Euplectrus platyhypenae ....... 220 
ENS arc cc ewe nko achuce mayne 
Euponera luteipes .............. 
Eupteryx auratus 5 
Eurycipitia splendens .......... 372 

WOON car atesecaseccgnas 368 


Eurytoma arachnovora ....476, 481 
attacking Latrodectus eggs 
9: aaa ntanerer mae aces 476, 481, 489, 661 
orchidearum .......... 359-360 
Mr ivecercseteecanekews 92, 490 
Euscepes batatae 
((see E. postfasciatus) 


postfasciatus....9, 70, 88, 295 
Eutettix tenellus ........... 544, 546 
Euthrips hawaiiensis ........... 117 
Euthyrrhapha pacifica .......... 309 
Eutreta xanthochaeta .......... 90 
Euxoa diplosticta .......... 135, 136 

ROMMGCRINOR ..cccecces 135-136 

WIRSUFOOTIRG 2 occ ccccvcsce 135 








Evaza javanensis ........cccces. 316 
Exptochiomera formosa ........ 371 
Nn OR Ore ree 371 
CG anced oawasaeeewnee 371 
PE os) creacbe tarts aee 371 
re ey Pee eer ee 199 
Felicola subrostrata ....... 200, 212 
POETS vc cvvede cst eccnvevecsess 432 
DN iiscwnsahes 650 b rgeens eked 85 
CE ove 4G due aee Weaken 384 
PIOriNia BOTINIAS 2.05 ecseviscses 386 
DINO. 6.08 oss ndvewetenees4 386 
A OE ic dy di010 ok OKA dO OHIRY 213 
Forcypomyia ingrami ........... 
ipl ete wp wae 89, 172, 173-176, 492 
Forficula auricularia ............ 392 
Frankliniella insularis .......... 592 
DORRNOE. 04 ce ccvnscnbiowes 592 
REMIT. | os. 5.0.0.6 6'b'00-5'0 538, 592 
paucispinosa ......... 538, 593 
Frontina archippivora .......... 8, 9 
a, eer ere 639, 640 
Fulvius quadristillatus ......... 372 
Fur, dermestids in rabbit........ 226 
Furcaspis biformis ......... 374, 379 
biformis cattleyae ........ 380 
Galguphn. SULSeT 2.500 ce sccesss 368 
ES vise pred ecseeceen 368 
Gastrothrips abditus ............ 254 
ED vwhe ween case bana 254 
TINE 5:0 osasas by pakis canes 254 
PHOUMORS 00.065 6002 250, 251-254 
Gelechiidae, key to larvae of 
Hawaiian ..........+.- 143-144 
Geocnethus lugubris ............ 369 
PABTOCIMOERE 6c cecevcecioces 369 
Geocoris punctipes ............. 83 
Geometrid, new undetermined... 
nigra oD ales ibe kee eae 490, 661 
Geotomus pygmaeus ........ 83, 147 
On eee rrr rr eo 396 
Giliricola porcelld . .....0.0.06+ 200, 212 
Gnorimoschema operculella ..... 
pele miaeeus's te obo 6 68, 70, 71, 144 
Gonatas typicus .........ccesrsesdtl 
yonocephalum depressum ...... 356 
ID. os oin.5 4006s cd ese’ 88 
Gonomyia cockerelli ............ 236 
*novocaledoniiae ..236, 241, 243 
ON REE ere 244 
Gonophora xanthomalaena ..... 355 
yraptobiatta notulata .......... 
sea sarki 82, 309, 393, 446, 447 
Graptostethus nigriceps 
(900 Gi BOLVUB) 6 6. os-05:0:00 
$555 4Nw , 10, 14, 18, 20, 217 
OPIN, S aih en cuces situs anaes 
..217, 222, 230, 232, 335-340, 488 
Gryllodes SIGIHAtus  ...s ce. seesss 392 
Gynaikothrips orchidis ......... 392 
Gynoplistia annulata ........... 243 
*neocaledonica ....235, 240, 241 
*williamsiana ..286, 241, 242 


PN: 5 ios) ose gees een eneeine 
Hadena dentina .... 
Halictus confusus 





UD 3 skip eases eee Ak ateue 
Halobates hawaiiensis ..... 191, 192 
I ica oud oe bs wea eo 147 
MOE 05 ck cbacnced nok 191, 192 
Hambletonia pseudococcina ae 
Pos MaKe Ae aM em ee ee 4, 489 
Haplogonatopus vitiensis ...... 9 
Haplothrips angustus ...... 250, 257 
EE vine idaree Oe 503 - 506, 507 
ONENOS actives ceseetceres 279 
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CD die ee eee ee 119, 121 
gowdeyi..2, 120, 121, 129, 130, 
250, 257, 324, 330, 331, 396 

WIR a'505002 prepa gnss 396 

». resarrerree 505, 506-509 

eakimural 2... ccccssers 324, 509 

WOE” cist eens eee 330, 331, 510 

victori PE, 6006p ewe 5 250, 258 

*victoriensis nepouiensis .. 

AN. SEE eee , 258 

SD gece ie stvowenrnns 330 
Haptoncus ocularis .........se0. 314 
Harroweria gloriosa ........ 390-391 
Hawaiiana (error for Hawaiina) 
HIRWEIUDG CONGR o.ccsseccecrnens 22 

MIE Gist Obi s ccd ha eared View 22 
Heleidae (Ceratopogonidae), 

MM UE «a cis'd s oko e'ee.e-0 neice d 492 
Helicobia helicis ............ 90, 316 
ERR OE 5 C6 85668 r ocd se eens ene 67 
Helionothrips errans ........... 394 
ERCMOCHISO. GFIDIMATA.«oo.5sc csc ceecs 

+16, 22, 66, 67, 68, 69, 70, 71, 


77, 142, 215, 307, 478, 482, 484 
PGMA io 0s 606.010 4009's 6% 399 
Heliothrips haemorrhoidalis .... 
cncakreneaee® 113, 120, 123, 130, 
320, 325, 329, 331, 393, 395 
TUDTOCINCTUS 20.6 cncces 250, 262 
*Helius neocaledonicus.235, 239, 241 
Hellula undalis 


pate eae 66, 67, 68, 69, 70, 71, 143 
Hemiberlesia mendax .......... 379 
Hemichionaspis minor ..........385 
Hemicordulia fidelis ............ 414 
ites ~ pansy ee Re eine ae Mew vata 471 


at + ae 
66. 67, 68, 69, 77, 216, 471, "47 3 
Hemiteles 401 


ED oc ca dy ida vib ed eaee 50 
Hercinothrips femoralis ...115, 120, 
222, 320, 393, 395, 481, 512, 595 


Hercothrips fasciatus ........... 
14, 24, 62, 114, 120, 123, 212, 512 
Herpestes javanicus 


GUPOPUNCIALUS: i ssccces 3, 223 
Herse cingulata ........ 70, 141, 471 
Co | eae 13 
ree re = 
MII 55 'a3.0. 5 s/0 50:06 ne biped wc 


Heterocrossa crinifera 
PROUSTODOGR BD. nnccccvecsviveces 
Hierodula patellifera 4 
SE ee See eer ere re 
PEIBPOtION LOIOTIO: ...« . sc iiccccecssd 

Holochlora japonica .. 
Homonotus ariadne 








nia SRELAL beeen ew 425, 482, 433, 434 
CAMTIOUE. osic.scccs ove ees 433, 434 
Hoplandrothrips nigricestus ....395 
RE Sse h Seven dae koe s 395 
DRONA NG aieis ieecteveeue ee 396 
angusticeps 
NOD sc oss sw oe reso 
coprosmae 
ota. oe at suenes 
INL Sit 2 sick p bs accion niece 
flavitibia.119, 121, 233, 323, 330 
DVUTOUOND: 6.60 66:000% 06 obec 121 
DURTEOOTUO. icceviecacutee 121 
TROBIORMIS osvccciccics 121, 330 
PUUEMOM (6-00 ciosie's swiss Wesco 330 
0 EN eee 131 
EE. pikes scodavee® 121, 512 
WORE ois cctewens 121, 512 
Hormius pallidipes ...... 17, 22, 212 
Hyalopeplus pellucidus ......... 82 
Hyalopterus atriplicis .......... 582 





| 
} 
| 





Se PFU 66 6.606 sc dees ct cues 8 
EEYGPIIS GRAUCIA cc iccvcccecense 2 
TEUGCMINOD.  Noedkccacadses dane’ 181 
BRPOCOUMOTER es icscorscsecrvewsces 152 
Hydrophorus pacificus ......... 158 
ERymenia TASCIGHS ....cccccceses 89 
recurvalis...... 66, 67, 143, 223 
poy eee ee 296 
Hyperaspis jocosa .......... 86, 314 
Hypolimnus bolina ............. 412 
Hyposoter exiguae ......... 466, 479 
Hypothenemus insularis ........ 88 
Hysteroneura setariae .......... 563 
i OCONEE TONLE CRE LT 432 
Icerya montserratensis ......... 382 
PUPONOS 60.66 ccsses< 58, 70, 312 
SOVOMCMATUM 6 o0cccccscvee 382 
WROOHSTIS (BU. vice siccciecsexecae 91 


Ilburnia ipomoeicola 








ive tC ered cceveeeLes 
“Insects of Guam’”’, correction to 8 
TOIAMHA POKING 2 occ ccccsececss 310 
ee Oa Aor rte 347, 348 
Iridomyrmex humilis ........ 26, 360 
MEY Sb rcdawecseeneeeadvss 361 
iniquus nigellus .......... 361 
ee REE eee 361 
Ischiodon scutellaris ........ 89, 470 
Ischiogonus pallidiceps ......... 91 
Ischnaspis longirostris ..... 221, 312 
ISCRMUTE QULOPE 2.00202. ecccecces 414 
NE. Cade vorrswacuecnss 414 
TRGCOTOMUIOER.  oi6.cs Kecevens’ 414 
ae 197, 221 
Ischyomius chevrolati .......... 358 
*Isochaetothrips insignis ....... 
So Meee me ee ee ee 50, 274, 275 
WAVEGINTICOIB  é.cc vic ccisencues 275 
MORUCOEN Wicd eccedcuns 250, 273 
TROMCUTOUNIPING  o.oc 60s cevesswcics 
braats 118, 121, 129, 130, 5138, 514 
fullawayi 3 
TROSUCIR cc ecarecs 
robustior 
Johnston Is., Laphygma on...... 10 
Makothrips pisivora ...cccccccese 395 
Kalotermes immigrans ......... 309 
*Karnyothrips doliicornis ....... 
Scneaeb sos eee cena 507, = 511 
Ce  nckeweswesuces 511 
melaleuca....121, 130, 339° 509 
Keiferia lycopersicella eereee ewes 
aceeaR aed 17, 22, 62, 71, 144 
Keys to: 
Ampagia, New Caledonia 
WOE ect kar ens as Sean 456-457 
ee subgen. and , 
Uetvectacspeveee na 1-43 
Ladtinatnrees larvae in 
PERWOE ecscsciecse 138-145 
ROIIGRS hw bewitscnce 141-142 
Cosmopterygidae ....... 144 
Eucosmidae 
Gelechiidae ......... 
Lycaenidae 






Nymphalidae 
Plutellidae 


PYPOUGUURG occ ccs eee 
Sphingidae 
Tortricidae 
Labia curvicauda ........cce0- «392 
Laemophloeus minutus ......... 314 


Lampides boeticus (Cosmolyce). 10 
Lamprosema schistisemalis ....365 

















Laphygma exempta ............ 
Summa , 8, 12, 68, 71, 142, 172 
GUE i cccccestacinevncess 10, 

22, 66, 67, 69, 70, 71, 142, 217 

Lasioderma serricorne ...... 16, 218 

Lathyrophthalmus aeneus ...... 89 
SEVOOUEE co icccceseccvcnnsss 232 

Latrodectus ........ 
geometricus 
...-1, 81, 245-246, 476, 478, 489 
mactans ..... 245-246, 476, 478 
mactans hesperus..26, 81, 212 

Leathomper, GOP ..cdccdevevcecs 0 
MESAF CANS oc ccsveccccccese 10 

Lecaniodiaspis dendrobii ....... 376 

Lecanium SOGUBIC ...cccccccccee 384 
GREE. dF ensvddervewecusecees 538 
GINO Ccadbadiaveounan 384 

Leialoha lehuae mauiensis...... 84 
QHMIN. Scoslecscevissecsuenas 84 

Leiolepisma hawaiiensis 
GREMIED sv tclcvdccumciec dean 225 

EiGie: POCCOFEIG cciacivcswcdivese 355 
trilineata californica ...... 
ie mememaduaenaa 7, 62, 68, 70, 87 

Lepidesaphes ......... 219, 389, 461 
WE. “Usincdovcdevmecenwes 389 
CHD «gc od cuvowrceneis 389 
CONG ekckscceteasesecuets 389 
CUMIDHIOOIM © a ccvecavanudee 380 
mackieana ...... 381, 611, oe 
TWGUE cc cnc evcevnentes 

*noxia 

PE. Kctaanceseccesnowers 389 
RIRMOSTOUNMNIG occ cctesccncs 380 
TUDATOUINU Gece ccedascanes 381 
RUN 650k trad tacidatws 389 

Leptinotarsa decimlineata ...... 537 

Leptobryea DHGAIA 2.6 ccccevescs 372 

Lapin era ferruginata ......es. s 

Sites Se icecream ates: MAGIA 9 

Lepeommnse falcigera insularis. “ase 
Cece ecceseseseccesesesece » ole 

Leptogryllus kauaiensis ........ 309 

Leptomastix dactylopii 464, 661 

Leucaspis cockerelli ........ 374 377 

Leucopoecila albofasciata ...... 
Hee RERECENO TES ES 64, 66, 67, 82 

Leucospis antigua ......... 422, 423 
SEE bv bavenssekuuun wes 422 

LOUCOSCOMR BETH «oc cccccccscscs S$ 

Leucothrips piercei ....124, 128, pd 

Ligyrocoris abdominalis ........! 
aurivilliana pee oe 
TEM. Ldwaagaacedenwns 370 
Ge ha vinsasadennes 371 

Light trap, insects taken in.....228 

EMOUIA CHBEE. pices cevecectuaecs 316 
circipunctata ....235, 237, foo 
COMIUINOD, 6 ws. becceceenna cman 

*conjurgatoides . 
decemguttata 
TUAWARONOIE . 6.5 coiciccccscse 
WE cc a wacimstccads oi 
illingworthi 
OIE a ogi ccd ie Siw nla aan 
ROCAGA. ..0.0:¢% 
notata var. 
solomonis 
SURES . cecdennsescadas 316 
subsaltens ........... 235, 237 
tusitala novocaledonica ... 
ee eT eee eee 235, 237 
WHEREIS 2654 cd c<eeba neers 316 
VEHUSSIUNOTOS. .cccscecenee 238 
Limothrips cerealium ...... 130, 329 
EAMCUR CONGUE oxic ccsdcciedenaee 369 


Lindera tessellatella 214, 461 











Linognathus africanus .....2 





EROTMID. vcs tccennes 
vaneeckei ... 

Liponyssus bursa 

Liposcelis divinatorius ......... 14 

LAPIOMIVER DUBIN. 66 o0sesesascinss 
ey 66, 67, 68, 69, 91, 317 

SAP TEE. ccc ccesescusveciesd 444 
CIVMORED «0006-0558 442, 443, 444 
CED keto ees enpeaen~ed 444 
haemorrhoidalis .......... 444 
NN, nic w'b bo: 8 or 0veus 442, 444 
mindanaoensis ........... 442 


SAMOCNSIS ..ceceeeeceveces 


a 

metatarsalis 
Lispinodes pallescens (see 

Paralispinus exiguus) .... 9 


TAGPOCODRBEE occccccccccseces 90, 169 
Lissopimpla semipunctata ...... 401 
Listroderes obliquus..67, 68, 70, 71 
Litargus Vestitus .......000. 86, 314 
Lithosia complana .............- 398 
Litomastix floridana ........... 2 
Lobodiplosis pseudococci ....... 15 
Looper, cabbage 
(see Trichoplusia) ..... 62, 63 
TIVCGONE PRIRGAS ovcccscsvcccsse 398 
Lycaenidae, key to larvae of 
CMENNL “seve io's'psh bo ¥s'we aie 141 
Lycophotia margaritosa ........ 
pack batetee Kiam 8, 9, 18, 66, 67, 142 
Lyctoxylon japonum ............358 
LiYCtus PYUMNGUS ...ncccccsccveces 469 
EPBROUS DICTUMONS oo cick cceses 647 
BUATOMIBIADUB 2... 0000 c000% 370 
TABU PRDUUMUS oon cc ccviccccccven 599 
eign pbecabenetaceesae 538 
Seaneeiaies testaceipes ........ 486 
MACTORIDIO“N GOPA 0ccéscccsvceces 414 
PEER sicnoisd ow 0404 vee seas 6 413 
CE sccussaeenebhawne eae 414 
Macrolabis corrugans .......... 529 
Macromastix caledoniana .......235 
IEG: os sn 5-0-0. 0'00' 5-008 235 
novocaledonica ....... 235, 237 
*productifrons ....235, 236, 241 
EE wi e5bs se ee anad see 235 
Macromischa luciliae ........... 361 
Macrophthalmothrips 
oe | re 121, 512 
Macrosiphum ambrosiae ........ 582 
gei (syn. of solanifolii) 
ee ee ere ee 37% 
OFPCHIGACCATUM. 2... 600000 37 
Mc 4 ses pwee 582, 583, 584, 600 
POLFRCEONINS 2c vce cccecss 373 
Cea 84, 311, 552, 554 
ee 
ens’ 96, 97, 105, 108, 212, 311 
TROGENINO. oo céisisccvceeve® 564 
PUURMNIIEE Send nsaieSenckoaes 


68, 69, 70, 71, 84, 103, 104, 105, 
109, 311, 487, 540, 550, 552, 
554, 568, 569, 571, 572, 577, 
580, 581, 582, 583, 584, 589, 
590, 591, 597, 598, 599, 600 


Macrosteles divisus ............. 543 
Malthodes brevicollis ........... 402 
Miaruce testwulalis: ......coscccvcrss 
pee eS ee 10, 61, 66, 68, 75, 143 
Mediterranean fruit fly.......... a7 


Medon debilicornis (see Sunius) 
Megacerus alternatus ....... 88, 477 








Megachile .........eseeeeeeeeees 





SU nos ned aeescavess 
palmarum (syn, 
gentilis) ...... 

schauinslandi 
Melagrion oceanicum 

MRMMONNOIAB 6. 05.06.0-0:0 630 ues 
DEOUAFRIBUS. ones crevscoscvns 
MEGIAMAGDIS QlUONA .....0.sccceen Oto 
Melanippe rivaria .............. q 
Melanocoryphus vittiscutis ..... 371 
Melanoplus Spp. .........eeeeeee 537 
pS Te ree re 421 
Merothrips hawaiiensis ....121, 513 

GNIED as .0'o: 0.9.0.0. 6 0-6 006 513, 661 
Merragata hebroides ........... 

pa peafeub os ei 187, 188, 189, 190, 194 
Mertila malayensis ............. 367 
PEI. Gs iv scree siisceeee 474 

WOMIOOTUG oi sio.ccccc cave cee 474 
Mesohomotoma tessmani ....... 538 
Mesomorphus villiger ........... 356 
PRODOVOE.  cbccecc ccs sencceerccen 152 

TOVIOAM sos ce cc cs 188-190, 191 
Metamasius hemipterus ........ 295 
Metaphycus lounsburyi ......... 20 

sp. (see Comperia 

falsicornis) ......... 20, 465 

Meteorus laphygmae ..217, 232, 461 
MGLOCNS BD. occi0ccce 09s 480, 489, 661 
Metriocnemus lundbecki ........ 165 

RAR ee 162, 164, or 491 
Microcephalothrips veterans 119, 121 

abdominals ....<> 2, 119, 121 
MACTOCHTYEA TOVAB ......ccsivecee 316 


Micromyzus formosanus ....22, 62, 
69, 96, 105, 109, 221, 231, 311 






Microvelia borealis ............. 193 
vagans...161, 188, 192-193, 194 
Milichiella circularis ............ 317 
lacteipennis ........... 91, 317 
Minthea LUBICONIG ... 062.00 ckecces 358 
Mite, bird (Lyponyssus)........ 
phe cea aS xed , 212, 221 
broad (Hemitarsonemus) 
CUEPON: TRC sie wee wnservseess 473 
OFIMORS THCDT 66s sccccceve. 6 
tomato russet 
(Phyllocoptes) 
Monanthia monotropidia ........ 372 
natalensis (see Cysteochila) 
Monanus concinnulus ........... 357 
Mongoose (Herpestes) ....... 3, 223 
Monodontonyx parvulus ........ 
Stbis eis ke eee STINTS , 426, 427 
Monomorium carbonarium 
ebenina 
floricola 3 
minutum liliuokalanii .... 92 
IE os ok 0'e 0.6:6.00 6:65 360 
Mordellistena beyrodti ......... 354 
CRPTIIGOBR iioccsceesscceses 353 
CEE, cabins beG Saws oeeene s 353 
Cg ere 353 
Morganella longispina .......... 387 
MOPrmide@R COMATIC ......c00cc008 369 
SOE Scaicnen seein se eases 369 
DEGSTIUS BR. cn ccccecnss 222, 317, 461 
Mosquitoes, relation of salinity 
| eer ererre cra 229 
POPE OT TT TUCO LT Re eee 444 
subtessellata ............. 317 
PI sores. 8 5. ee haa e ee eeak 150 
Murgantia histrionica.17, 66, 67, 68 
Musca domestica .......... 220, 401 
Myelois ceratoniae ......... 142, 231 
NE TN ib sleie ae tere 00 eeneees 221 


Myodocha intermedia 
MOE) src ne t-awehemae 371 
Myrmecia apicalis .......... 
Myrmecophila quadrispina ..... 309 
Myzus circumflexus....97, 105, 109, 
311, 4738, 540, 552, 555, 569, 
579, 589, 597, 598, 599, 600 
convolvuli. .62, 84, 96, 97, 105, 
109, 212, 473, 552, 555, 569 
ornatus. .225, 227, 311, 461, 473 
WENEONE oi vtsn cackusiienavn 
66, 67, 68, 69, 70, 71, 105, 106, 
109, 110, 311, 540, 542, 547, 
549, 550, 552, 555, 568, 569, 
571, 572, 577, 578, 579, 580, 
581, 582, 583, 584, 587, 588, 
589, 591, 597, 598, 599, 600 





PEGUGOSOIAN § .2.0ccccc cscs 109, 
552, 555, 569, 589, 599, 600 
Nabis capsiformia ......cccecees 147 
Nassophasis foveata ............ 352 
Se ere er 352 
GRORIGGRTUIR 2 occ cc cccccces 352 
Nasutitermes cornigera ......... 397 
Oe cecvatecetues Sikheoouna da 397 
Nausibius dentatus ............. 314 
INGOHG MOTIGUIG: ooo cecccesascoes 372 
Negata (err. for Negeta) 
Negeta ChIOrocrota .....secesces 364 
WeMONIUS NiStHIO .occcccccceesas 444 
Neocattarus vegetatus ......... 371 
*Neoclytarlus dodonaeae ..487, 621 
PEIN. oh ca Cikrmige ceed 623 
Neofurius carvalhoi ............368 
Neoneella zikani ................368 
Neophyllaphis araucariae ...... 
ee rare 17, 84, 212, 312, 470 
POOOMTOOMIE. oicdcceeesetacavece 396 
TIONOMOD oo cicc cn scacwcenes 451 
DORE DIR. 5 5 oie sein Onan dees es 89 
Neotermes connexus ............ 467 
Neothomasia populicola ........582 


Nephotettix apicalis cincticeps. .544 
Nephus bilucernarius 






NUNN os ken are went 
Nesaloha cantonis ...... 
Nesocrabro adspectans ......... 
Nesomimesa nitida ............. 


Nesophrosyne per «insi 
Nesoprosopis fac’lis 


RCE TECREITINEL «6 c'g as guices Wie se waa we 
Nesothrips brevicollis .......... 32 
COVIOMICUS occ6snccesneees 32 
hawaiiensis ....31-38, 119, 121 
CIE, 99 65. hob bens wee tater 279 
propinquus Ketek enna cums 32 
propinquus brevipes ...... 32 
DRGHINLOINOEE 5s «ahead Ke elce ewan 232 
Neuroctenus litigiosus .......... 372 
NISONIAGGOR BE... oic ic nccccancccses 398 
*Nitela austrocaledonica ........ 
Mw ROR siaec aio aece 443, 447, 448 
IEE = ordi auweud we 448 
Noctuidae (see Agrotidae) 
IOMBGR CONGRER 2.0 occ cccccccses 400 
Notogonidea (see Motes)........ 444 
SEPTUM 6c. 5- 6.6.5: w.ecdce nies 443, 444 
retiaria (syn. of manilae). 
subtessellata ............. 94 
Notogramma stigma ....... 317, 470 
Notophila inswlaria .....66666.0 90 
TOW UAIONEE ow acd oes sie b.nsies 0 tdee 92 
Nymphalidae, key to larvae of 
UMAEUMAIE  @ sis:vies cevleveesic xc 140 
DRVEAIRUEE “ei dececnsecdsdisccdacie 181 
TIUCUNOREB o oicciccicecs 182, 184 


obliteralis...... , 184, 218, 315 


POU cascwcecpicncve nanos 222, 594 


COGMORUINS  ci5cvocccewoenee 577 
EE oc naccneseweabucual 405 
nemorivagus ...... 66, 68, 70 
nigroscutellatus .......... 

sicewns eoowe 66, 67, 70, 644, 646 
WORRIED wa evictsuccevatsnagus 405 
GEE oe canctteseceesanny 405 


*ochriasis baldwini 
ochriasis maculiceps. .405, 406 








ochriasis ochriasis ........ 406 
GEE hbo stcdvcesccscer 647 
OCINGIUS VOTE 6 ccc ieee acces caes 460 
Octurothrips pulcher ........... 499 
CODMEOIOIOS oc kr cccccdccecedes 360 
PIED la divcnueeaacmnas 262 
Odynerus caledonicus ...... 421, «24 
HOMNGGMRMEEE boc ccccecensae 93 
molokaiensis ... 
nigripennis 
PRIN REENED <6) saa he wee ack ens ¢ 
sandwichensis ............ 93 
Oecanthus rufescens ............ 413 
OcachaHa PACHICA «co. cccccvosess 83 
Oedemothrips (see Nesothrips) 
Ogdoecosta biannularis .........356 
CORGIIUMINOS 0 2. 86s. curdeescse 356 
Oliarus haleakalae .............. 84 
NEE a0.cbés:avauwnacees 84 
CERES cc uccvdvuseduncncere 84 
OClisostigma CUPtA «2c ccccccccens 182 
Oligotoma michaeli ............. 397 
BRUERGGEMAN © kc cicclnentvcvacede 396 
CFIIOREND cic cscctdevesccves 397 
VOORIOES aivese nates Nuascuces 396 
Omobaris calanthes .............351 
Omphisa anastomosalis ......... 
ceneor 70, 143, 295, 474, 477, 478 
Oncocephala angulata .......... 355 
Oosternum costatum ........... 358 
Opatrinus WOMOMAIUE. . ccccccccse 357 
Ophiomyia lantanae ............ 91 
QOD, wantdcccapadeseiuweden'ee 40, 56 
WIMTIONUE oc ccatcatveccsavces 40 
Ophyra chalcogaster ............ 90 
Opius lantanae ............ vw 
Oplomus mundus .......... . .369 
WEG wienisaeseenestanada 369 
CPROTIE we civcdicnac neu Ka late naates 91 
Opsius stactogallus ......... 83, 310 
Orchesella CiInCtA .....csccccsecs 397 
Orehidophilus aterrimus ...346, 347 
gilvonotatus ......cs0: 347, 348 
CROMINOES,. cect ecccescudecs 350 
POTORTIMRIOF .o ccc svacccces 
webs 223, 346, 347, 348, 482, 483 
Oreus chalybeus do nin So ble Mike 314 
Organothrips bianchii .......... 
webhechaan uerwnd 118, 120, 320, 329 
Ce Vids OGURA: 656 vicki ceveccdwews 365 
Orimarga TISDECL .....00 0 ccckeces 235 
Ornithodoros megnini ...... 199, 212 
Orvhinus brevicorne ............ 225 
WORMED, 6 cnn cc tensenanees 225 
Orthaea pallicornis ............. 370 
VIGINE  Ceccc.cnccevacncesis 370 
WENO. 2 cuccnebudweeraotaes 83 
Orthetrum caledonicum ......... 414 
Orthesia Insignia. ....cicicsccses 
ieee 15, 312, 552, 557, 657-658 
OPtHOCIRGIES 2. ac ciccdyescccceses 162 
Orthian tHerFAPOM ...cccsesicsedas 362 
Orthodera ministralis .......... 216 


Orthoea (err. for Orthaea) 

Oryzaephilus surinamensis ...10, 11 

COM: cesasccsuceesvisencwsenves 422 
HON Shincvr eds icaceeu deena 400 








NNN. ois 6548 dd 5:4 OS 0 aneGee' ges 
Otiorhynchus sulcatus 
ORGR GHIMOMMIS .ccsccveccveces 
Oxydema fusiforme ............. 
IED, is0:c ie be eon eeweus cs 197 
ORFDIAE GORTACOD 2 occcccccccnsecd 364 
GEIDISUTIOOD BD. .occicc veces 488, 661 
Oxytelus bledioides (see O. incisus) 
ferrugineus (see O. incisus) 











EN i iaiids'd ap 6h ors cle 9 
CE vores suksd einer eaxce’ °396 
Pachodynerus nasidens ........ 93 
Pachycoris torridus ......0ccsess 369 
Pachymenes quodi..... 421, 422, 423 
Pachyneuron allograptae ....... 470 
Palmyra Is., insects from........ 4 
Pantala flavescens...... 176, 194, 414 
Pantomorus godmani ....... 11, 88 
Papilio amyntor ....... -412, 413 

montrouzieri .............. 412 
Parafrankliniella nigripes ...... 592 
Paraidemona mimica ...... 479, 661 
Paralincus terminalis .......... 369 
Paralispinus exiguus ........... 9 
Parallelodiplosis cattleyae ...... 366 
Paraneura simulella (syn. of 

Lindera tessellatella) 
Paratrechina bourbonica 

DAWRIGREIS 2c ceccoversce 92 
longicornis ........ 87, 92, = 

CEE | stcvensdevnesececo eee 
Paratrigonidium atroferrugineum . 

See RAC GREW s he 80640-4855 Gi8d 8 
*Parectopa lipochaetae ......... 627 

marginestrigata ac 

MIBTONOIGSS ..ncccccccccoce 


Parlatoria mangiferae .. 
mytilaspiformis 








SINUIIEER, © 6 bse acd nodcscate'ecae ee 
ee 
pseudaspidiotus 

PATMONGOREA VAHGA «6 0.05.60050 0008 § 

Parthenothrips dracaenae ...... 395 

PORIIRS TDIRE! «ove pc ccs vee se 85, 312 

Pectinophora gossypiella ...143, 295 

PPOMOOTTONIE 03.05 ceescevescecers 02 

PEUNNDD 2 .6-3.0 0d0'0'0 90 0400 203 -205 

Pentalonia nigronervosa ........ 
scab pe eiahs Guraaee 71, 106, 110, 312, 
474, 552, 557, 571, 575, 576, 600 

Pentarthrum obscurum ......... 88 

POFTOMPiNUS WARIS ook 6 cv cscccce 
.-10, 68, 84, 538, 542, 544, 552, 
557, 559, 560, 561, 562, 563, 57 

Peridroma margaritosa 
(see Lycophotia) 

Periplaneta .............6.- 228, 437 
BOTID, | 6-6 6-05 slew esecasc en 393 
ee 19 

Perisierola emigrata ............523 

PEED. ve sasierasececessnc see 
saccharicida...10, 84, 538, 546, 

548, 549, 552, 557, 5638, 565 
WHEE h.6b e006 0v0-000 ss 

*Petrochroa communis ......... 

PRAtCNOMA QNNUWIMOS  o6.o0-00.0cs0 00 
WOMEN, cine $ od ewes canis = vo eee 

POND: ced bsa ce seG ise scweseem 360 
UN kaso ksbi605% e8e008 360 
NEL. cS Ou ies sa Sanat 361 
MIGBROODRAIE 0.05 ccccccs 15, 92 

Phelypera distigma ............. 352 

Phenxeaspis dendrobii .......... 378 
eugeniae sandwicensis ....312 
Sandwicensis .....cccesees 85 

Phenacoccus gossypii ........... 
ihaawae se 19, 66, 68, 69, 312, 464 


672 









Philaenus leucophthalmus ...... 
eae 219, 220, 461, 515, 538 
spumarius ....... 220, ¢ 515 

Philodoria Nigrella ....cccvcsceve ” 628 

a Pare ee 4 

Phloeophagosoma orchidarum ..351 

PD nic hae 8:6 5549% Keb ee¥ ee 396 
i) re 121, 512 

*Phlyctaenia campylotheca ..... 625 
NED, | x och vie rege s2c0 625 

TI URUID, 5.8 is 0:0:5.0:0 epee’ 626 

Phygadeuon sp. ....... 232, 461, 467 

Phyllocoptes destr uctor ape bs pars 
pares eia"a bse , ae, On, 68, 2 

Phyllocoptruta oleivorus ........ 473 

Phyllodromia hieroglyphica ..... 446 

I IIE: -s'blo aie: 5.6/6°40'4:4: 5 be 0-0 296 

Physonota citrinella ............ 355 
CIES 654 015-0060. 6-'0:0'0-0050% 356 
WROENGEER cc cccvescesevects 356 

Physopleurella mundula ........ 82 

re er 396 

EE ss ennwaes.akerns pe eesseeu 296 

Phytocoris militaris ............ 372 

I I 6 68h cao 6 S20 ees eee 
66, 67, 76, 141, 537, 552, 557, 579 

FUORI CUOTOG. 6:66.66 6.6-059 00400 wes 538 
Oe eee 

Pinnaspis aspidistrae .......... 385 
CE cebu dee Vwadeeneee ses © i 
BG EES G6 tn Fees wkd eve spe 
REED, -cébevs cewrseuen 

ie ee 

Pison argentatum 
NED $455.49. 8 60sbetacian'> 
ITU. oc cccees 439, 
BRITS neces ciccs 9, 
iridipennis. ........ 
punctulatum ... 

CEE. dees seeesncense 

SE ‘nuke wasn whecuend 39 
MN Sha rile cea winks: « 439, 441, 442 
strictifrons ..438, 439, 440, 441 
CED: caccccensenenevoes 438 

EE 55.5 os:o'oie bv cies Venecaee 452 

Plagiodera flosculosa ........... 356 

Plagiolepis exigua .............. 92 
EE ig's aseu wawas ee sepa. s 362 
CD spate ec hed een eon 362 

*Plagithmysus davisi ........... 621 

Platydema marseull ......ccce0. 356 
EY 0 o:s50 6:54.08 0 eb-0s 88 

PUREVROCR TORITANA 2.0... ccccvcce 365 

Platyomus lividigaster ....... 11, 86 

Pleistodontes imperialis eile aseks a1 

PlesiGthTins PANICUG ......0cecses 
a amie tee wae 121, 129, 130, 323 
INS 5 xbs os 5 oi0vecens 121 

Pleuroneurophion ......... 42, 45-46 
SOTTUIBOED. oo es comeces 40, 41 
hawaiiensis ....40, 41, 45, 46 

Pleurotropis wilderi....246, 247, 474 

Plodia interpunctella ........... 143 

Plusia brassicae (see Trichoplusia) 
chalcites. .....++. 2, 3, 8, 9, 28, 

66, 67, 68, 69, 70, 71, 142, 365 
CREGREE icic sina ce ess. caves 399 
OD beieaesscnasacosays 399 
TRON cvccccewecesecsns 398 

Plutella maculipennis....66, 67, 144 

Plutellidae, key to larvae of 
rere ee 144 

PI ik. h nord ee es nne 216, 413 
beneficium (see P. mantis) .214 
MOREE. éckaectcsvaseued 92, 

212, 214, 216, 341-342 , 467, 490 
OE skh cena: Geneerewes 217, 225 








Podothrips lucasseni ........... 512 
MAMCMODUS srscseccees 250, 258 
Polemistus luzonensis ..... 480, 661 
PU oc ccvedneves sc ckacacdeans 479 
fuscatus aurifer .......... 93 
hebraeus (see P. olivaceus) 
DOE 6 cvctcsarnseaes 317 
OGHVECONS ....5500. 93, 421, 424 
Polydesma umbricola ...... 475, 


476, 
478, 479, 482, 484, 489, 661 
Polyommatus alexis 398 
Polyplax spinosulus .... 





ON 6 oo cad hte hse meee 425 
PPOGIEERD oc ccctecics 416, 425, 434-435 
URN eda vce generante 425, 436 
SUUIPGMIENS occ cccc vecaced 436 
2 er 425, 434, 435 
philippinensis ...425, 434, 435 
WU ease os ctr eeatuntcerdser es 360 
RING «vb eG n os. ccu nwa eee cals 92 
PEOCIE VIG 66 os0 0005 cecnsves 413 
to, ee eee ee 360 
*Priocnemis araucariae ......... 
bectnahateees , 427, 429, 430, 431 
CR MOTONR 53 4k dak accent 424 
COTYNOGES $.cccss. 424, 425, 432 
*IOIUFOUMIOEL <6.0:0.s:0:0<0nces 
ages 425, 427, 428, 429, 430, 431 
GUE. oac tieeeoktas ce aes 
Steels 424, 425, 427, 428, 429, 430 
tuberculatus .............. 424 
VUTAOTORIGONE 66 cc 650 ve sio00.0 
ea ake oe 425, 427, 428, 429, 431 
PVIOROMUOM oo; ccc veetase' saa Comic a 432 
Pristomerus hawaiiensis ........ 91 
Procanace nigroviridis ......... 90 
Procecidochares sp..... 481, 490, 661 
Prohippelates pallidus ...... 21, 317 
Protapanteles hawaiiensis (see 
Apanteles carpatus) ...... 230 
Protoparce quinquemaculatus 
TGEPEUR, Cc ivcnc aver esas 141 
Prytanes globosus .............. 371 
Psammoechus insularis ........ 314 
PBCCUOOIMGIOE: occ ctecsvecencaes 162 
PY Coca nd one esteaveesete 432 
Pseudaonidia clavigera ......... 387 
MUCUS Seiccacceans ses 387 
MEINE. 83 nce id 650% ow eee 387 
TEPIOMIEHOTINIG oc cencesews 387 
Pseudischnaspis bowreyi ....... 389 
Pseudococcus adonidum ........ 313 
WPOVMNOE oo cccsccsss 15, 67, 68, 
226, 228, 313, 383, 464, 489 
OOS cccn tae 383, 538, 552, 557 
SE pean recs tinetenees 383 
TIAIMONIOSUS. 2. ccccccvccess 226 
WEEE. Saxceuvecericreavis 313 
RE a ecieeckucecunes 383 
kraunhiae ........ 85, 383, 464 
TRGINOO: Ses wevetevenvies COON 
TOTITNTOD: oo ac.cveenads 70, 383 
TRGPIOIOAGS | 6.600 nést5cieecee 
eee 384, 538, 552, 557, 582 
ES ern 85, 384 
RI 60.0 6.0 de cenk ens 376 
OS cntcetende<seCoranaes 85, 313 
SD inn knawke ee eete 85, 313 
PRCUGOCHOIUS BP. oo ccccceves 347, 348 
Pseudogonatopus perkinsi ...... 93 
Pseudoparlatoria ostreata ...... 389 
POTIATOTION“OD 26. ccccceces 389 
Pseudopheliminus vagans ....18, 92 
WUE eaten ddess vecankes 223 
PURO OING, 6 occ erect ene acses 660 
SCOGKGOLUM .. ss. coe ve 659-660 
WWOOGE 666 6k 6 ewecwondiand 660 
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Psilogramma menephron 
casuarinae 
Psorophora ........ 





Psoroptes communis 
Psychoda alternata ............. 637 
*pseudalternata ........00. 637 
PsylHodes® GMiMia ....cccccscccee 599 
Pee GONE sacvescevsecncsses 358 
bg i Bo) | Se eer 314 
Pulvinaria floccifera ............ 384 
are 
Puto mexicanus 
WOON. ccaercuecaecene aed 





Pycnoderes quadrimaculatus ... 
15, 57, 66, 68, 69, 70, 76, 82, 147 

Pycnoscelus surinamensis ..309, 393 

Pyralididae, key to larvae of 


FIBWEMAN evrcceccdss 142-143 
Pyrausta thermantis ........... 626 
Pe dR CR ee sr 398 
Pyroderces incertulella 144, 470 

WEGGEE. wzicwes dosercaenn 144, 474 

GOS ie daeue has deanenr 144 
Quarantine, Federal plant, in 

EME cccceccumawesan 291-308 
TO BN once bbb csdccieececwene 24 
Rhabdocnemis 

(see Rhabdoscelus) ..... 219 

GD aa vekdcsasreseuegens 295 
Rhabdoscelus obscurus ..... 219, 295 
Rhacodactylus leachianus ...... 452 
Rhaebothrips major ...280, 285, 461 
Rhiugigaster novarae ........... 420 
Rhipidius biattarum .......... 485 

WOCEIIICOTUNS onéccccsacnene 485 

EAS Se eee 485, 661 
Rhodesieila SENUIION as 5:5.0 cs 5 91. 317 
Rhopalosiphum fabae ........... 583 

WEA oo cree ae vaacees 579 

pg rrr ere eee 

ceewed aaa 71, 107, 110, 312, 473 

pseudobrassicae .......... 


. 62, 66, 68, 70, 96, 97, 107, 110, 
312, 473, 552, 557, 579, 582 


subterraneum ............ 468 
WE nkeeca ne evesucdaause 583 
Rhyvarochromus californicus ...648 
Rodolia cardinalis ...........86, 314 
Ropalidia duchaussoyi ..... 421, 424 
Rygchium haemorrhoidale 
BGG crcadacccceeunes 421, 424 
Saiseetin Bilewm ......cccvesccecdee 
hemisphaerica ............ 385 
hemisphaerica 
hibernaculorum ......... 385 





GIG. 6 one cax teeeu 
GH we xavuddeveenaccaness 385 
Ct ae re eer ee 187 
PS GG widen wadendenesuars 192, 193 
Saprosites pygmaeus ........ 87, 315 
Sarcophaga carnosa .........06. 401 
Ge ctdiencndoeserdedaewvanes 402 
DOKOte - ROOMS aos ois 06 0cese ne Oe 
BGI os eva chee ends ad hetnencne 168 
br WOM Tico wedad veers wewede = 
De WAHANAIE 3 cncnc dw ncexee 
WE 6. 6 ees ccewedunes 90, 317 
Sceliphron hemipterum ......... 438 
Scholastes bimaculatus ...... 21, 90 
Sciomyza hawaiiensis .......... 90 
*Scirtothrips albomaculatus Pats 
SON CE 250, 263, 265 
antennatus ...... 124, 130, 512 
Pe onveacumtedeess a 
Scleron ferrugineum ............ 35 








RIG RI io 6269 6b Fie 4d 401 
manilae (see Campsomeris 
marginella modesta) 
Scolothrips sexmaculatus ....... 
sewn b we mieuare 24, 125, 130, 331 
*Scopaeothrips intermedius ..... 
aes eee eee 250, 253, 254, 255 
Scymnus notescens ......... 11, 86 
uncinatus....225, 226, 314, 461 
unicinctus ‘(err. for 


uncinatus) 
SE * Roa Svan abet Mode ok 86 
WINE 5 ohik coo sweep ened 86 
Selenothrips indicus ............ 396 
PUNTOCINOOUS o:e.o. 0 v.00-0.0:0,.0:0:0: 
cee 115, 120, 124, 130, 326, 331 
Sexava novae-guineae ..........391 
Ee eee ee eee 391 
SS Sits nies 8545 a bao Few OE 413 
SI Bis os Sin 1p s-5:0 5 a4 oO aoe 232 
VOI WUIMRTIR 2... icc cccecs 357 
Sinoxylon conigerum ........... 87 
BIPTAMMIA BODtA 2.5 b.ccccdeccc secs 83 
Sitomorpha insectella ........... 214 
Sitotroga cerealella ........ 148, 214 
SRUBROD VIOUB) 6 sisi:is cies save ser 392 
Bs hs oo uiWeh os ou oda eaae cee 225 
PUTER. ranciusenasasaycaweaee 164 
TIEN © Fo sips hie is we keinclaeoe 360 
MCMINATS. TOUTS ooo 5 08:05 nisi 
20, 64, 68, 71, 168, 223, 317 
Solierella rohweri...... 317, 468, 642 
IE oc c.onw Wied oe e's ie eibie a awe Oe 
TN a5 5h 65020 Ss 8 ba anes 491 
maculiventris ........ 164, 212 
AED silo WS aeTU OL se ne CHO 162 
Spaniotrioza morelosiana 
(see Trioza koebelei) 
Sphex antennata (see Chlorion 
fumipennis) 
DOD: «ese eb ter'evens ce ox 438 
hemiptera (see Sceliphron) 
NEE acas Gath ogo De-60\s\bacea eels 438 
Sphingidae, key to larvae of 
NS a eae ee 141 
Sphragisticus nebulosus ........ 648 


Spider, black widow 
(see Latrodectus mactans) 








Spilodes cinctalis .....5...cese6. 399 
OE re eee 399 
Spilothynnus thalluse ........... 418 
Stagmomantis carolina ......... 341 
Staphylinids, synonymy of some 
NMR 2a 6%5 51 o- odin b0e dyn are 
Stegania (see Anacamptodes) 
Stenomicra orientalis .......... 
Stenopelmus rufinasus ....... 5 
Stenotrupis marshalli ........ re 
ee 
Stephanoderes sp. .............. 
Stephanothrips occidentalis ....499 
Sticholotis punctatus ........... 86 
Stictocephala festina. .20, 66, 83, ie 
Stigmatomma celata ........... 
TI 0G i5.070'4:5- 000 
*zaluwenburgi ..... 
Stoeberhinus testaceus 
Stomatocerus pertorvum ....... 92 
Stomorhinus pleuralis .......... 316 
PPR BOER oo oso cso ors ee oe 402 
Strumigenys lewisi ............. 362 


membranifera williamsi ..490 
Stulothrips trespinus (see 

Docidothrips pandani) .... 

Seb cod sean 283, 322, 323, 331 
Sunius debilicornis ............. 9 
Supella supellectilium....20, 82, 465 
ByUTA RITCMMANG . <iss.crcases 87, 315 


Sympherobius barberi .......... 310 
REIN noni winsde pack es bP coed 414 
SYTICCHUS BIVEOIUE «...0.0cccccres 398 
OEE Se caeciesitvnchesnesd 222 
DO HE niccccevetu neces 467 
Systole gweniculata ..........ee0- 481 
CE RIOD: Sicece Sas cd bas neewe 8, 9 
Tachycines asynamorus ........ 392 
yey fl | ee 86 
Tachysphex fanuiensis.416, 445, 446 
"TAGUIS CFITRINGIGSS «2.660.065 00% 351 
TRORMOTRTRCMUS .n oc ccnnccccdves 150 
Taeniothrips AlMiOrumM .... +000 


..69, 120, 127, 129, 130, 326, 330 
*cyperaceae. ..283, 285, 286, 514 


SPIO fnra.h0's 6 ko wae ® 2, 120, 514 
MMIC. | iis vice ce 8s 273 
PEE, i 0 e668 ecorecce 250, 270 
leptospeteron ........ 284, 286 
*novocaledonensis ......... 
Cina tests Lee 50, 255, 270, 273 
IIE ooo a do. 5 bis OS neon ee 
.116, 120, 123, 127, 130, 326, 330 
GUINORE a8 85 120 et trad Kees 395 
MAMGOIUS ose se sc00 26, 398, 394 
OTVUULMS: cone bir vinu ne 8005-8098 
.155, 159, 160, 161, 162, 164, a 
HOEMUCUS oo v.a5 ccs ceeGeoe8 
PRUNE ng bee o's vere ot stan 162 
lacteiclavus ...... 159, 160- — 
DS tar eo Rih 3 owt 0 ie ceo o5 ete btw ehe 91 
EOE, isis. oo o:6.5 6 bro ev sce eens 360 
Tarsonemus spinipes ........... 566 
Technomyrmex albipes...25, 93, 361 
Telenomus rhopali .............. 17 
Teleonemia scrupulosa ......... 83 
Telephanus grossicornis ........357 
NEI. 0 be 5-0 Fo en pees 357 
TOMMATOMOROM. 6 oi.n ec ce ceens 165, 491 
Oe ei 168 
PUBIOMNCUR 20.6 ccecreceves 169 
DUG Sissies cc b ev ees0eets 166 
BATICUSOOUE oes 0360-04508 169 
TN setwekeeeuk swe. 166, 168, 169 
TOTVONTICOIA «oc cece 166, 169 


Telmatoscopus albipunctatus . 
Tendipes (Chironomus) sp. .491, “661 
Tenebrio ferrugineus 
(see Tribolium) 
Tenebroides nanus ............. 479 
Tenodera angustipennis ....11, 82, 
214, 216, 225, 279, 341, 490 
UUBUTAIABIRD. ook set ocsaenes 413 
Tenthecoris bicolor ........ 357, 372 
Teres illepida (see Argyroploce) 
WOCPAMOTVGR? .ccccccsveseveccsvns 








guineense 
Tetranychus bimaculatus ...... 81 
DEOICOMT oo 65.65 -6:0:0:6.8) s0i08 563 
AR skses 2, 66, 67, 69, 70, 71, 81 
SE. ih eGicees6csckesodres 588 
ORI on bins ov ese ceo onee 360 
Tetrastichus diaphantus ........ 401 
papas 9 
Thecla Price: UE Re ee ee 
ONION... «2092 6 
Thoracaphis fici 
CM 6 cos cede nena eareaaee oot 
Thrips abdominalis.119, 121, 180, 514 
antennatus ...... 118, 328, 330 


australis.118, 121, 129, 1380, 513 
bean (see Hercothrips) 


COROT oooh 60.0 Sere ser Rio 513 
chrysanthemum 

(see T. nigropilosus) 
MAAS 4 cdecseasicsc ets 118 





i 
i 
; 
i 
a 
2 





ae AORN RSA 


a oem Commu 


hhawaillensis .....csseess 2, 116, 
117, 120, 127, 128, 130, 396 
hawaiiensis imitator ...... 
pe aR his aS 116, 117, 121, 127, 
128, 130, 322, 326, 330, 331 
imaginis eta trekae aes 250, 278 
minuta puttemansi ....... 564 
multispinus ...... 121, 130, 330 
THGTORMORUS his ciccccs sues 
ae woolen 62, ” 121, 319, 327, 595 
saccharoni...121, 130, 322, 513 


sp 
Pus; 121, , on 329, = 461 
tabaci....... 4, 66, 67, 6 70, 
ax ae 11 128, 130°" "250, 
277, 323, 326, 327, 538, 542, 
551, 552, 557, 566, 577, 588, 
591, 592, 593, 594, 595, 596 








WHTIBMIG! sc6 cc ccsses oc 323, 328 
Thyridopteryx SETRSEEE 
Coe eres ses ereerrnecersoccooes 0 
Thysanoptera, Hawaii .319, 503 
PEM Sin cic tame qe eu years 319- 7 
BR on ta die td Woencecrae ne 
New Caledonia ....... 249- 278 
TINGOIR DISGHIONUA ...ccscccrevene 227 
DENOUNCE - iv.uac casei nekaee 227 
WEONEE pints a cceries ohomenee 230 
TINGS CHIVIFBARA 20k ccecess 288, 289 
Tingitids, two Fijian........ 287- 289 
IIR SORTOCRLE io 5... 0.6.00. 00: 00 19, 20 
DE PEMIGOGD 6... os sce 538, 599 
Tipulidae, New Caledonia. ..235-244 
Tomato bug (see Cyrtopeltis) 
pinworm (see Keiferia) 
TOR TRIMMOW. 6c vd ncgee suck acini 152 
Tortricidae, key to larvae of 
| eee eee PE eee 144 
*Tortrix lysimachiana .......... 626 
Toxocampa pastinum ........... 399 
Toxomerus marginatus ......... 89 
we COPIER bevesccnccune 
.85, 107, 110, 312, 474, 552, 557 
DURTINNIY ook cascoesece s 563 
Toxotrypana curvicauda eas 
‘Trachytale isabelling ........«< 374 
TEP ONENUMES bhi cnet om auiee Wines o osta® 414 
Trialeurodes vaporariorum ..... 64, 
66, 68, 69, 71, 85, 301-303, 313 
Triatoma gerstaeckeri a parm eacdea 651 
WOU es sha viaa's ese oeucesstee 651 
DENIS bic bescerrcccconus 651 
protracta woodi .......... 651 
WUE e olnihc'd wales cocdace eae 651 
rubrofasciata .......... 9, 651 
Tribolium castaneum ...... 357, 466 
ferrugineum .......... 11, 466 
TYICHIGS GINBTGS: oo cccccscecands 359 
Trichocorixa blackburni ........ 619 
TOUMBIONIES ob.6'5 noss Soe snes 619 
WEEE ice dia Hes piace alete Se 619, 620 
WME. wae chet tae on See cuin 620 
POROUINGR  o5scc Sires serene 617-620 
WERE one kctalescoecacee 618 
wallengreni .......... 619, 620 
"PYIGHGQPAMOID. «6 o0-hincs 6 cts ced 214 
minutum..16, 467, 469, 471, 475 
semifumatum wie nvarwkaratans tee 47 ; 
Trichopepla californica ......... 369 
Trichophaga tapetzella.226, 461, 471 
Trichoplusia ni brassicae........ 223 
SVN. nov waces dasccceces 206 
Trigonotylus brevipes .......... 148 
Trionymus sacchari .......c.se- 566 
"TYIOSR "MOGWGIED oo. cists cectecues 333 


TD. 9S dacs tena ennebavies 374 
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Triphaena Pronuhae .. i.e cccsee 399 
Triphleps persequens ........... 82 
Tripteroides caledonica ....434, 435 
Trissoclunio fuscipennis (see 
Telmatogeton sancti-pauli) 


"TRESRGUS tEIVIANE. «oc ccccwancnes 357 
Trochoideus americanus ........ 359 
Trogophloeus senilis (see 
Carpelimus fulvipes) ..... 9 
Tromatobia rufopectus ......... 
es AO Racaithe a cea 18, 246, 247, 474 
Trypanosoma conorhini ........ 651 
CUGEE. acocceawksegty Gaawe on 651 
TYYPORVION DICOION .cccccccccens 93 
TIPUIOCTOS UIE . wc cccccevncusss 599 
Uloborus geniculatus ........... 16 
UlOMmA TIGCTICOMIS 6 o6cc ca ccccces 357 
Ulonemia pacifica .......... 288, 289 
REM RRMEE oe 05, Se basee uma eaen 499 
DEEROOMUM! oo bs ts: c00-ceawe see 
jf ere errr 653 
PARC o6ecencdhceunn 655 
TOI A vantecesces 653-654, 655 
*rubens parvidens ......... 655 
Valanga nigricornis ............ 392 
Vanessa cardui ............ 140, 315 
RSME so cre oo we bia ee 140 
Veronicella leydigi ...... 66, 67, 69 
Vesiculaphis caricis....107, 111, 463 
BR Cs Serre rar 401 
Vinsonia stellifera ..............376 
WOHRRCOMA ODGBS 26 csc ccccadecess 89 
Wasmannia auropunctata ...... 361 
Wasps, aculeate, of New 
CHIGGONIE ek osc ccssleee 407-452 
Weevil, granary (Calandra 
SEEMED eccecurtindeewcun 11 


pepper (Anthonomus eugenii) 
rice (Calandra oryzae) 
saw-toothed grain (Oryzae- 
philus surinamensis) .10, 11 
tamarind (Calandra 
ERE ens nt ond mec wala 11 
vegetable (Listroderes 
obliquus) 
Whitefly, greenhouse (see 


THURICHLOMGS). .. iccecacies 64 
Whitney, L. H., biographical 
WURKOU Sevugeccencca seabed 492a 
Xenocrabro mandibularis ....... 93 
WIGIOMGIOMMEE a ccecinscine 93 
Xenomyrmex stollii mexicanus. .360 
Xestocoris collinus .............370 
Xyleborus coffeae ..............: 359 
MEMEED cc vk hodcdVewesceeres 88 
TUE ORAMEY <5 «Sine bend oun cee 353 
Ge ow caida rah oe moe ee 469 
Xyletobius aleuritis ............ 13 
CNG 5 cates cu caderees 13 
Xylocopa brasilianorum ........360 
WINOQON ai oa beet. cw ccwaiie ae 401 
Xylophasia sublustris .......... 399 
VU KBD. onc as cece svn cncccoeae 
Xylopsocus castanoptera .......315 
Xylosandrus luzonicus .......... 353 
WROPENNUNE,. Fon ac ccveedoos 352 
WGUINEE occa vucurinncdoes 353 
Zaiscnnopsis sp. ............. 27, 137 
Me SOWIE 6:56 ork wcenaednkwes 83 
ZOPHROUGS WOR: oo 6sccccescsens 356 
MENON. i cccanvieews deena nue 414 
Zygothrips pallidus ............. 512 








PLANT INDEX 


Abaca (see Musa textilis) 
Abutilon molle Z 

pS Pe ere 

confusa 
farnesiana (klu)..88, 142, 144, 

145, 216, 231, 413, 477, 629 








RNs spa ewe pe naissle 145, 323, 467, 
506, 512, 514, 5238, 629, 631 
eMeNItR 8 oo sy < oak 274, 458 
Acianthus sinclairil .....s00c.e0» 402 
Adenanthera pavonina 
EEE 8 vise 5-669 550 231, 630 
Aerides crassifolium ............ 346 
DEEN 8 ud clb.ccc0cneeekns 378 
DIMES ois is-5'e:00-0 55 Ee ewe 352 
lawrenciae ....... 361, 367, 378 
DOCOMO 6 vsiccscsetvese ee 378 
quinquevulnera ...... 378, 383 
MS. ge Gf atels ak wis ope 86 Skea eee 378 
I oto alb ah sei e areas -410 
EE TORO. oo bbe ckennctcces . 85 
Ageratum conyzoides .......... 473 
DMMNL oon 5 cghe'se loses. ee nena 232 
TE 1-6 does Baw Rise ernbe's ash Gaee 476 
AE ra 484 
ere ree 219 
Aleurites moluccana (kukui).... 
eae akdecoeaoe ts 116, 119, 
153, 312, 326, 521, 523, 523, 524 
PIES oki sa ave a eu e's ks 3 177, 181, 189 
Algaroba (kiawe) .......... 231. 522 
Allium cepa (see onion) 
a ey 311 
schoenoprasum (see chive) 
RIG vc oinns ooo eae 153, 313 
BE ith oboe Gee ans ibsd ob ses do es 381 
Alpinia purpurata ...... 85, 312, 321 
APRATARBER. «oo 000s0 143, 222, 223, 337 
Amaranthus hybridus ...... 126, 129 
TOUTDEPTUG 6 vvicsieccvasccane 597 
MNS cna bsGshs ba) Ses oP WA Dee ee 313 
SE n cboenes.cestenness 310 
DRI UUOE 5s icons Ebee tkawkcaoee 381 
Anagallis arvensis ........sseee0. 516 
Angel’s trumpet (Brugmansia) .. se 
Sabb dows tela. oid 6-9 pas. paw e wo ‘5 
TI 6 5 595 4 a 0ES 28 8%e8 OR 346 
DEMON oss so oon ses sacs 375 
eburneum virens ......... 374 
sesquipedale ......... 377, 398 
PARTETUIINEA © 6.0 o'g bab che cs huh o-0-6 0078 394 
Apium graveolens (see celery) 
po RR RS ae een 28 
of Peru (Nicandra)........ 7 
PRI i056: vb once 6a we oe 408, 470 
CO bea o ay 854 8068 412, — 
CUUMINGHOATMAL «20-06 00000 
Se 37,58, sis 


Arctium lappa.105, 310, 311, 315, 327 
Argemone glauca (A. alba glauca) 


a83 0 14, 114, 115, 117, 120, 512 

TATCOTIO, ais: 5.6'5 4 se se ¥ oS whe 257 
Artemisia vulgaris ......... 315, 516 

Vuigaris InGicaA ....sesc00s 488 
EIEN 608608 cba sae kene einen 311 
SE. nk bab be bb anc are 355, 362 
EO errr eee 141 
Asparagus....... 24, 99, 101, 102, 108 
GEN oe 5S 5 DVA os Seco Leaee ee 376 
NNN GO. i 6030s eee apes 4 
Astelia menziesiana ........ 326, 328 
NS aes s wav andes as 126, 128, 129 
ere ree rer re tT . 232 
Asystasia gangetica ............ 26 
EE ES a. -o8 6c 000% doe eh 233 


ND. aia Sa ews pooeese eee 331, 333 
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DOIG. oi sicee sess 7, 310, 325, 7 
MEER 8555-6 ee on ea eee Oo nie wae 

BAMbuUsSA, VUIBALIO 00... ccs cvcces 600 
MIS eon dees d 110, 115, 222, 


474, 481, 524, 536, 569, 570, 

571, 572, 5738, 574, 575, 576 
Ray ries ak 6b so sew kind Creatas 282 
BAtit: MATIC ....o0:0.5)06.0:s.00% 116, 119 
Bean..62, 523, 524, 581, 584, 585, 595 
green (bush)....12, 20, 28, 64, 

66, 76, 82, 99, 108, 109, 110, 

114, 124, 125, 128, 141, 143, 

145, 147, 302, 308, 305, 307 


NMG. ces sict ae ces eeaednnss 
..3, 19, 66, 75, 95, 103, 108, 143 
OOO. sca chee 99, 101, 103, 105, 


106, 107, 110, 126, 128, 331 
Beet. .12, 64, 66, 77, 105, 142, 143, 569 


I os arnt ots ors see ee 551, 600 
MMOD Siete ch Se Heh pas ores 625 
NN 55 a Popes er 311, 473, 479 
BLOOM WHINOY. 6.0 si csecccsees 516 
Bifrenaria aurantiaca .......... 376 
RR Se re 153 


Blackberry (Rubus penetrans).. 
..118, 114, 115, 116, 220, 515 





SPOT OMRMER. 6.5 a. Waretesthrée ph b.64 o's 148 

PM Nass a'oois cap eed eeaeure 141 
Bonatea Garwinll .........ccce0% 398 
WOURATI VIED: 66.6550 cro veowsnes 125 

See 311 

spectabilis parviflora ..... 321 
a ae ere 376 

glauca 

nodosa ¢ 
Brassia rete eeeeee sere eee OTD, 376 

caudata 

WiTOOURGIRTGE 6-06.00 00:8 sees 375 

WORD: Cece eelerese> 373, 376 
Brassica chinensis ............0+ 

See cuca oe 527, 529, 531, 532, 533 

oleracea botrytis (see 

broccoli) 
pekinensis (see Chinese 
one 
pewe hae oles 310, 311, 312, a 

Breadfruli pee ee buen ve baer tices 9 
ERPOUOOGN o:6i0's5 4 5.008 17, 66, 76, 97, 103, 


107, 110, 303, 311, 323, 516 


Broughtonia sanguinea . . 375, 376 
BOVOUMPMIIG oo.6 6:00 65-0555: 118, 232, 328 
NO iris vis 089 by Oe oes 502 
Brugmansia arborea ......... 87 
Buddleia japonica...... 126, ion 129 
SR Ok Ser hGSr ek ebay nice a Kd 50> 232 
Cabbage, Chinese........ 66, 97, 105, 
107, 110, 219, 308, 578, 579 

EE ger at as ins Dahea ooeace 


..17, 28, 62, 63, 67, 78, 76, 110, 
141, 142,143, 144, 323, 579 


TIE, 0 8.68 Sisto eres e cree 473 

ee ee 578 

WHItG MUBtATA .... ce escnes po 
Cacao (TREGDTOMA) ......ccccc> 72 
CROCUS baecsvs cess 224, 227, 231, 233 
po RR in aa 353 
CASAS TRAICER cic vidccecses 340 
Caladenia dimorpha ............ 401 
ee SES ee ee 413 
Calanthe natalensis ............ 384 

WOFOUTIFOUUM: 22. .ssccecccs 351 
Catia ly (Michardia)......eccecs 176 
Calophyllum inophyllum 

INI F550 oo 0 0.ereere ¥0 107 
A I co ols 5 ernie os sks 0 te eet 140 

BINOOUOR. Gaccceiececes 116, 120 








CHAMIOTIY > 68's 6c ew ees Hab OE 312, 387 
COMI FIOCNOCR. | 6 onk sce ce cersensos 625 
GRRE we arei he ae memes 
indica 
Cantaloupe 
REE cvnxiavnmerereeerwen 
sandwichiana 
Capsicum frutescens (see pepper) 
frustescens cerasiforme .. 10 
CRRUOE <vadind tena aeetebiscmuaes atc 
..17, 64, 67, 95, 96, 108, 124, 128, 
128, 129, 310, 311, 478, 481, 516 
Cassava (see Manihot) 





Cassia. OCCIGeENntAHs. ....vcccvcses 522 
Castor bean (Ricinus)...83, 467, 478 
IIE oo 6.0 c30.6 000s s 260s 85 251, 324 
QUIS 6 wens cas iecnesa sane 256 
Catasetum....362, 373, 376, 393, = 
tridentatum Lehane papuaarad 
CTI ce oa Siorrccew ena te 85, 100, a3 


357, 358, 359, 360, 361, 362, 


MOMMIES Sno oo Cavemen snes 367 
GUTARUOACE 2 occcdcrsinesvies 373 
NOE hs nie rev esesecnecc onus 380 
WOTEROUOTR © ici vicvsensese 394 
bowringiana ......... 373, 379 
Ro ain'enccu.0.07d o's ibeaie ban 386 
MOPMMTE ae née ieee ae oe 352, 366 
CED bc dncnsceotee 375, 395 
GOWNS AUTER ...0.c0sceee 372 
WEINER ds die waleRrc eas teenies 376 
semane ihwvcentneuiies 389 
1 Ra enor eee 
"349, 356, 360, 367, 379, 380 
gigas sanderiana oeus 366, 386 
RUE? 6 coke nbdeeaeardees 375 
FODIGIR oncssccess 362, 375, 380 
luddemanniana ....... 367, 368 
WIE 6 6h heen er eae 8% 366 
mantinii-nobilior ......... 380 
mossiae. .367, 368, 373, 380, 389 
BORUICTIONE occ nes.cvevs cone 367 
SENTOCHETIANR 5. o.cceccces 371 
skinneri. .370, 371, 373, 379, 389 
SRMOET BING ki oic ic sccveses 379 
BUIAERG) Sis ose cecids 379, 380 
MIRE sXe rd tr acne bg ee 
360, 361, 366, 369, 371, 375, 380 
PS cc ehncennenccs 365 
WHEE IONE, i .nccisiec tie0550s. 366 
warscewiczii sanderiana ..367 
WOLKGTHIBDA 5c cdvccates 394 
CaulGOWer... «0 ccsecsvce 97, 99, 108, 
109, 110, 311, 323, 578, 579 
CMIOG hic cnecnnunes aan 17, 62, 67, 74, 


96, 97, 99, 103, 108, 109, "110, 
215, 220, 227, 311, 313, 472, 
473, 551, 567, 569, 570, 595 


CONGRPUS ED. os cckciviccvccvctonvacs 120 
Centaurium umbellatum ........ 515 
OT ROPIEL « b.5n5. 00's oe ok aw eens 142, 226 
CN os bb bore es ee nnnaxeas 270, 274 
IE hao bi scee-e Hee ceeh ns cules bard 231 
NI sieare ace 6 oko 12, 64, 67, 77, 578 
Cheirodendron gaudichaudii ....524 
COMODO GIUID 660806 os ccceeeed ose 258 
CR iad diner ocle as wate beaeees 595 
NE ao dink 4 acks edtedeaenes 386 
ING 6. v.00. 6's 6s hires 22, 96, 97, 105, 109 
CUNO INTRA ok ckcccscaneacdes 313 
Chrysanthemum ......scsee- 62, 488 

maximum (see daisy, Shasta) 

MENOEUE 95 oc pees ocoeee 487, 488 
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Cibotium chamissoi ............ 509 
Oca bei ctpnsownnndaion 88 
Citrus. 11, 85, 110, 310, 311, 394, 473 
maxima (pomelo) ... 312, 4 
WS cas cvicacecesmuons 
Cladium angustifolium 
CMO Gacib dvacwdaceusmenee’ 
CoPIRCD. vaccine crinetiasemes 
CRTIOOME | vcnsiencdecvedeeavence 
CRE io'g acca s we aeee nical naa eee 
Coceolohe UVILEFA. ..o.cccisccencs 2 
COCOMES 6 6c vinceidasn 21, 312, 376, 391 
Codiaeum (ornamental croton). .489 
CHHOMIIG >) sv vaca ncsueauenetackear 355 
DENIS ov iaserkawn 346, 389 
CE gS done can naeee 277, 353, 474 
Coix lacryma-jobi...... 311, 516, 565 


Colocasia esculenta (upland taro) 
, 84, 106, 110, 113, 312, 320 


Colubrina oppositifolia ......... 513 
CORMIBIOI 6 nic cecccvetsonin 109, 110 
GH vais canes mewaumnEs 
Ruoldie 120, 516, 550, 568, 571, 574 
NEG och sce sactasioe 
..310, 394, 550, 567, 568, 570, 574 
CORIGROUGE | ei cvadicnsscceinevand 216 
Coprosma ernodeoides typica....516 
rhynchocarpa ........ 220, 516 
Gao Katha cadacle wacawele saue 510 
Corchorus COED -cceGewsetoennns 340 
COrGia SCNEGIONE 22066 ccdcccsees 141 
subcordata (kou) ......... 
eehnd ue tiie 138, 134, 185, 233 
Cordyline terminalis...318, 331, 516 
Coriandrum sativum ....... 108, 481 
COR sien cened 10, 68, 74, 77, 84, 142, 


143, 144, 214, 217, 222, 303, 307, 
321, 322, 323, 336, 482, 484, 485, 
486, 559, 560, 561, 562, 563, 570 





COPPRNe. . ockecicasectee 393, 401 

COMUNE + erat kivcwetetdccaewades 2, 4, 
114, 115, 148, 144, 231, 337, 524 

COMMING as cixcatueuaeremumenonenl 68 

COONS i ibin' x's oda 153, 320, 322, 514 

CHORMIIII oo di ncea sco 141, 336, 585 
peylia: \ rere rrr ee ee 
rane 99, 100, 106, 126, 128, 129 

84 

- 

Croton 

Cryptostylie Grectm cose. ccccancs 401 
WORROGIIND <6ii wacbhutanenere 401 
CGE nck eocdceneemanienee 401 
POND a. cavacies nkeedeuss 401 

Cryptotaenia canadensis ........ 108 
bp ere rrr 108 

a a 4, 64, 68, 99, 


; 109, 257, 306, 473, 569, 570, 574 
Cucumis melo 





BRTIV OE eca'sccnssws 

Cucurbita pepo . 

CITE wi ciancis eo sinn cu vnenne 

Cup of gold (Solandra) 

a eee 

Cuscuta calfornicn .....ccccecce 55 
CINE onccdcctsineeuss 551 

Co gh aacdedonvdeieoaa te nee 521 

SO 085s 0 a a eaecwaniet oe 
mace 346, 378, 380, 381, 384, 389 
SRO ona s sa wos anawenneel 
CRRIOF SUTOUM occ cccc tides 381 
CUIRNUND Sse encusstnse we 378 
CRONIN. occakcescantees 381 
CDUFIOUM 66 siscces caes 359, 381 
GPU. tase tcnenwcneeners Tee 
CRGE oo awcievucelcemunareae 378 
findlaysonianum ..........387 
FUFOMUCNON ons ciccvianecsctal 














SND 5 oes 66.5: s ocaru bp page 381 
lowianum ........ 358, 380, 381 
MII. 3. ota net pooped 381 
WEEE - Sccnies cwiee chess 380 
SURNEUL.  G ssc vse bade anes 381 
PEA 6.5.5 8 ics Nia Wisielacets 381 
MIL .- o.di's'9 0503 uses aan ae 380 
BIND ees ccssbee o¥ 380, 381 
MG woo Reb ect oe seas Veen 381 
CERRPRMUE ccccarecccccveccs 381 
Cyaodon dactylon (Bermuda 
DRED 6 sik a neon oats Hee ss 9% 516 
Cyperus brevifolius ............. 516 
rotundus (nutgrass) ...... 564 
Cyphomandra betacea .......... 482 
Cypripedium... .26, 388, 389, 394, 395 
MEIN 5 <p ecg bie ere en 6 Ss'e8 399 
clinkaberryanum ......... 389 
COETIEEE | oo vece eden 6 oi 346, 394 
SOU ORMERUREIR noch a.58 0 00:0 090° 385 
hayneldianum ...........> 351 
lowii giganteum .......... 397 
EMME vice h isc a bp h $e snwes 376 
DAP VIEED icc cesses vecnes 400 
DHIPPINENSE ~.........00% 376 
SUAVOBSIMUM. 206... 00 esac 386 
villosum ..«... ain pateawicls Gees 385 
CHUPIDOUIGE. 66508 ces icesev ec ecae 393 
Cyrtostylis oblonga ............. 402 
Dactylis glomerata ............. 516 
DOEMADS sy ccinew hs oe 60 we 119, “< 516 
NINN, cic tnde bok 5 o  hseiark Sg Gok $0 97, 
106, 107, 110, 219, 311, bis 578 
Daisy, African Grew eb keene avian e f 
Ser aries 
Dandelion (Taraxacum) 
SENEIED io as ore oo 6's's newt ao 8 whi 408 
SE np nna wb 60095 oboe Sewee ewes 
neon bearer iene epee oe 7 
stramonium..7, 81, 87, 595, 597 
IEE. Schou eh cake epadecee t 
Daucus carota sativa (see carrot) 
Dendrobium....... 331, 346, 348, 352, 
353, 372, 384, 386, 389, 392 
BNO | ic oho 5 aon sc ta'yisiey 378 
COMTI, 2 Fb vibe anivsccas 376 
CONGIICCIACUM 2.265. ceecee 350 
CPUMMOMTARUM «0.60. o050 ce ecvecs 
Sea puin abe ate 4E 361, 383, 384 
CUPMURIIND oo oa 5 oe o's 6 pao 
GRAPE. i005 361, 611, 612, 
GORRIMOLUT 6.0 :000s00ceenss 
EN 535 ib On 0.¥ 008 
MOGIAVADUIM 65 6.0 oeece vce 
RONNIE 1550 05d 4b 0 a's b-pw'e'ee Ralarele 
macrophyllum . : 
macrostachyum 
RD Cowan sc a-ckipssiease 
MHIFDSUANUM © oi. cccccccess 
TOMO aco os 5 0s oy aye 
ED nn twadiee sos ‘ 
nobile-virginale 
PRAIRONODBIB «oo oc cc vvaces 
ony ea 346, 348, 352, 362, 378, 383 
phalaenopsis er 
Corre eres eeseereereeserececs oO 
CURMRNE ie sdk vs cc wens veces 346 
ae as dtr’ din Said siSice eal 366 
.361, 373, 378, 380, 381, 382 
spachabile Trish wae wee 350, 387 
WUT UNE. 0 60 hake no hc 8aap 388 
superbum ....... 346, 387, 470 
superbum dearei .......... 381 
CHUPINUM oe cceiss 351, 361, 367 
thyrsifiorum ......... 377, 394 
VOTAITHGUGM 2.005.005. 05' 383 
victoria-reginae ...... 346, 378 
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Desmanthus virgatus ........... 467 
Diacrinus bicornutum .......... 401 
AMITIOMOTORIO occ ccc ecceccs 401 
DIB WOTE OOOTRUN. ois ccccescccoces 601 
Dianthus chinensis ............. 516 
DOIBTIATIA DTUTIONS i cccccccccces 515 
Dioclea violacea a). 
Seatwave eens e's -116, 117, ‘120 
EMOMOTTORARLTOD. osceSiccecieewae 
ere re. 402 
Dodder (see Cuscuta) 
TOO 0h hic ode edees 145, 487, 631 
viscosa spathulata ........ 622 
DOERR fe obs fide irsanvdccieed 628, 660 
laxa pseudoplantaginea ...178 
DUPABIA TOPONE 0.0. ccicccccesss 474 


Echinochloa crus-galli..124, 219, ar 
EPS Re ae 
Edwardsia chrysophylla ........ ioe 
MI 20s 53's a cetaee oh sae 14, 18, 
19, 26, 64, 68, 104, 109, 110, 116, 
126, 141, 303, 336, 464, 525, 526, 
527, 529, 530, 531, 533, 587, 595 


Eichhornia CRRSBIDES oc. cccccice> 21 

PUABRORIONMOTN, 0 ocee cies cevcce 521 

POE ee ank ols 8s sdd%'s tp eclbie weds 595 
EF 5.555'n tw 5 ad oe eb dare 479 
IE hee Von vaces 


23, 115, 125, 324, 331, 593, 595 

sp. ...2, 311, 320, 321, 326, 337 
Endive 95 
RUB OOTPUM on oo spins ve eins vc 351, 354, 
368, 373, 379, 380, 388, 397 
atropurpureum ..376, 377, 380 


EE. Sa Cok ot v eves lek wa 353 
WES. Fuoco <5 Ma oe Sree 389 
WE. ENC Is Pace ro Oxoee® 375 
MID asi. oes obew ssc 376 
COBCRTICONBIS. 2... cvccccsccs 389 
CUMMORUUM ooo ci ceswesee 375 
Co ea 374 
Ae 376 
BUBLSOTIONUM § 2.6.6 ec cccees 375 
MACTOCATPUM .....cccecees 379 
pe eee eee 376 
CEI bsiiis kc eae soens 380 
MEE a c'e's bon cv daa o's bewace 379 
TOUBSBGANAS 22.6 cccsicsscce 375 
stamfordianum ..373, 376, 388 
IED ds ss o's iy 4.6 56 4 bt 373 
Epipactis latifolia ...:.......... 401 
DOMISITIS ...6scc 400, 401, 402 
Epipogum gmelini .......... . 400 
SOI 5 f0heay's 6.64 ev ee ee wee 182 
WEN aa Sc y's akoi se Sasnle loa @ 336 
valerianaefolia (fireweed) 
raebee set 96, 100, 102, 103, 108 
BOPIR TIOMIWUMGR, | oc Soccer cccc ace 376 
PE initig we eicie vols’ ne aba) we aoe 514 
RIVIGUS. kev cede 126, 129, 516 
Eriogonum fasciculatum ........ 551 
Pe b.6le Sicit io ia.k (oat sae ernie Kee 231 
ee a 118, 129 
Eugenia cumini ............ 124, 323 
SIR, ood bb dele oatere'e 85 
Eupatorium glandulosum 
(pamakani) ....... 15, 481, 490 
Euphorbia bifida ........... 466, 467 
BPE GeSeckpaneye 238, 336, 489 
Se a Ke oils shia Rak 23, 96, 105 
UNE has stain cb ase crite tes b> 337 
SHUN a Ges Kes s habits awacwle 481 
PR aks otha wha pans ees ents t 376, 467 
bird’s-nest (Asplenium) .. 4 
uluhi (Gleichenia) ........ 176 





| 
| 













Ficus benghalensis ............. 221 
BUMPING odds ceccescedes 17 
PUMIIOMUN oc scdiicdes seus 17 

Fireweed (see Erechtites) 

UO oa NES sr5ih ain a Vea Ee Reals Hire 

PUGHE  o viscc sds cs 
magellanica 

CSOINNIRY oceans han wee seebw ioe ent 331 

NE nists oheg's Sic apes eats aineenk 22 

CRONE ink cles tus Penaceees 384 

Geranium carolinianum 
MONI a dic > Slee caewiees 220, 515 

CO 05 Fi o's sina WRG ble tio pin 110, 321 

Gladiolus...... 116, 123, 127, 128 326 

Gleichenia linearis .............. 176 

GHriciGia. oo... sce. -226 
MNT fo. cee dea os 6:04 eee es 10 

Gnaphalium ..... 310 
purpureum . 516 

CORGEEE Give ccee ccs -141 

Gomphocarpus -140 

eo Ey ee -401 
WOMEOTNBOR ss <incckies nes vos 375 
REFOGMTPUTCR occ ccsccesces 375 
TORCUSAIE ccc sure 374, 375, 376 

GoQGFGrd: TONONS oo sn. Sa cetecs 400 

Grammatophyllum multiflorum.. 
pad Rapane s pwede 346, 348, 483 
SOCIO: 50.655 sc Hewes nee 
oe awered 346, 351, 361, 362, 387 

NE cs are eile ee pwhatn or. Be kan 303 

CMGI ORG on kp uc'a hea Necwd temas 394 

Oo ose cuees bonds eaee 148, 254, 


258, 263, 268, 281, 282, 313, 
411, 413, 479, 482, 512, 513 


SeWnON! «chico ck cc chases 263 
WRI. ss cine civvatcanewens 322 
rice (Paspalum 

GEPICUWIALO) 3« niersce:5 ¥ eases 321 

WHO on tine t0eees 282, 283, 470 
CUO hadnt eas deicces need 223, 
Guayule (Parthenium) ......... 463 
Gymnadenia conopsea .......... 399 
Gynandropsis pentaphylla ....2, 82 
WEOOII 5 Scud es We keccececes se 350 

MNS 505s vak's caine ae c's Sed 398 

GUEIGID. 6 cic vice vc ceieeis 398 
BIOUO GRNOIIOME 6c escccscvccccd ne 516 
Hedychium flavum ............. 321 
Heimerliodendron brunonianum. 

RAE che tae Re eG aces 326, 509, 513 
Helianthus annuus (see sunflower) 
Heliconia angustifolia .......... 364 
FRPIETOID! Guide vaccrctecnss 222, 336 
SN nn str ciceevdeetseeds 108 
Herminium monorchis ..... 401, 402 
FIG vba vis-bens Fauicee cedewed 194 
FRIIMOUG 6.5 0cceeee 27, 81, 84, 85, 115, 


116, 123, 126, 138, 137, 336, 
337, 473, 474, 514, 525, 526, 
527, 528, 529, 531, 532, 533 


RORRPURIONOIN a b.c'dic c's cde pere 312 
BERMIEIED .. 4:6's%0 oS weeasans 310 
CHOU occas ess odive 310, 515 
Hippeastrum equestre .......... 601 
Hippobroma longiflora 322, 324 
FROICUS TRNRGUS 55.6 2c cebios cso caee 516 


Hyacinth, water (see Bichhornia) 
ERP OOMICCYOR oiiiss pes cdiveteacens 


BEVOSCVOMIUB: o vikecs cccecteeosces 109 
Hypericum moserianum ........ 516 
Hypochaeris (see Hypochoeris) 
Hypochoeris radicata ........... 
Cebwietseenvent 4, 118, 514, 515 
a ere 515 
Indigofera anil... ......c.0% 310, 311 
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SOO Os ib wen cn tins caxeuceat ares 215 

lenopenn BUtyroides oo... cccsaves 388 

De RRR ene 257, 471, 477 
batatas (see sweet potato) 
REM / ace decclne bass'tud 115, 116 
GE. cnn 5 beuwebes 125, 126 
WUE i csotecesvecsmpes 126 
pes-caprae . 477 
WORN s&s. ceaccicnameteved 312 
CRE ok & date ae 
tuberosa (ease rose) ..... 
charev eens 144, 217, 281, 282, 


335, 336, * 537, 338, 340, 477 





WHO | cde iate 4.043 0d Coven Fen cameseeen 
Ixora macrothyrsa 
SOME. a's 546 Scenic nates 
ere 

527, S28, 529, 531, 532, 533 
Jimson weed (Datura) Ser ics ano. 68 7 
AGUS: SOON on <i 03 dpatieto ee 232 
Kiawe (Prosopis chilensis)...... 


11, 85, 126, 324, 469, 477, 482 
Klu (see Acacia farnesiana) 
Koa (see Acacia koa) 
Kou (see Cordia subcordata) 
Kukui (Aleurites moluccana).... 
bate keine 13, 116, 119, 153, 521 


Lactuca sativa (see lettuce) 


SR inn d wateeatedoads 350, 367, 369, 
371, 375, 376, 380, 388, 393 
anceps....... 348, 373, 382, 394 
albida sulphurea Nadee hee 375 
SUGTTIAINS oi oie os crevice tate 389 
autumnalis albiflora ...... 373 
WERE S acesicekas taeanes 364 
PUNO. ain ines vote ucaelet 376 
GE, Gwicaws cuncecosaune 356 
GRICE occ cccccece 375, 389 
Laeliocattleya ............. 361, 366 
WETCRIIO: GIOG. cclisivcsces 395 
GIO: on. Cn xe. de a ukss cgeke 394 
Lageeuuouniie SROROR. oss s $4 85 
See 18, 141, iis. 514 
COMATE 26000 five 273, 278, 413 
sellowiana...258, 263, 273, 274 
LGA i rcncenct css cancateucene » 22 
Lehua (see Metrosideros) 
Lespedeza striata .............. 581 


Lettuce...28, 68, 69, 97, 104, 106, 109 
125, 142, 217, 311, 516, 581, 595 

Leucaena glauca (koa haole).. 

» 128, 467, 477 


Lilium longiflorum .............. 571 
EA cance vh eee aecace 109, 571, 572 
MG Fo ies conweees » 327 
VE Sid pea ak he bk 6 ove Muto 392 
Lipochaeta lavarum ............ 627 
EAGRGTE -“CONGRER 6.62.60 cncvavere 401 
WE co cewesevenew teas 401, 402 
BACCO c ak pcowh ss ues e Eee 303 
chinensis ....... 6, 25, 124, 125 
Lockhartia lunifera ............. 375 
DED Liatanicetswaducanas 374 
EMCASE® ova coves ccieess 373, 387, 389 
UGPOWITIRS: oo os vei cdeesncks 358 
CORUM cog 846 bee seunnn 376 
SEER egos bare eakiwane 373 
skinneri virginalis ........ 353 
EPORERIRIE Se saiesvSeck ces wes 527 
esculentum (see tomato) 
peruvianum .......... 530, 533 
pimpinellifolium. .530, 533, 589 
Lysimachia rotundifolia ........ 626 


Lythrum maritimum ........... 516 








EOI i. 6:55. 0:44 0.0.0 60 ois 05% sopueee 


PERCRPEDER cn acevicvccscseveve 331, 510 
Ro bvcdu;t ass « ceed p view 000 889 
Maize (see corn) 

SN SA is is 6 Win Cos ho bss 5 hipin dee ee ws 140 
PERTODITIATER — oo 0 ois ob ieee we ohcves 231 
— indica (see mango) 
MED cle Vac tussc $k0.08 048-0 bees © 14, 


410, 115, 220, 222, 258, 262, 273° 
312, 313, 392, 469, 473, 478, 488 
Manihot utilissima (cassava). 22 


DR INID Sb ns ois nv vicina Wea e a0 6% 1356 
Medicago hispida ............... 516 
BRO 6 ods doce ccecd 258, 262, 274 
leucadendron ........ 126, 128 
leucadendron viridiflora 
CIRCE) «oes svceas sek 409, 413 
BEGliA GESGATACH. ... 2.2000 s cosves 524 
ae ee ee ee 515 
Mesembryanthemum ........ 22, 516 
Metrosideros.............. 81, 84, 93, 
328, 329, 506, 509, 511, 512 
collina polymorpha Witenes 516 
Mezoneurum kauaiense ....570, 623 
SL. arash wash edebnd seh ce'eeeh 393 
— DUE: giccceceevesveaves 129 
BOE ci earbatutascek san nes ch eaaee 220 
Mirabilis UMD. 5 Gisisiae b'a's.t > wd ea 311 
Modiola caroliniana ............ 516 
Momordica balsamina ...... 17, 126 
GUMTREE. Pecw ct nd Sie csase 
ia wkes oe 527, 529, 531, 532, 533 
Monachanthus viridis .......... 400 
Monkeypod (Samanea) ......... 
Sei 116, 476, 479, 482, 514, 523 
Monochoria hastata ............ 312 
PN. sic 'aishe 65's bs.0-0 pF Wh eb bei 0.0m 522 
citrifolia (noni) ........... 
Riek Wohb¢ 'bi9 sae , 310, 312, 313 
WEOTRINE BOOTY oops ccckeccel 20, 141 
BE. Udtsw wis honees i004 tne 165, 177 
Musa cavendishil .........c.cc0% 570 
BOT OGCGR 3s 0.055 60050594 av's00% 570 
textilis (abaca) ........... 576 
WEI. bo i056 vid dens se tkake se 569 
a a eee 578, 579 
Myoporum sandwicense ........ 
Ries ewes MAREE 328, 509, 510, 511 
PEVOOOUUN. BROTICR 6 ise 6.ccic ores saee 516 
Myrsine lessertiana ............. 
AS BETS ee 2, 509, 510, 511 
PUM WICSRRIG ~ 2.0 60d tvices 510 
DIMMU CI Os dist ips cc tcavs 141, 273 
PORTED 6 winie'n'bn.5 dias +c 0'etqe ee 434 
PO PD, gh s Son Feu bee bo 0sec es 85 
Niaouli (see Melaleuca) 
Nicandra physaloides ........ 7, 569 
RR a ere 568 


glauca...141, 312, 313, 466, 471 
Nightshade (see Solanum nigrum) 
Nothopanax guilfoylei. .103, on 124 
ND. id kg 48k 'ndkdd > ohh o oie 142, 

145, 217, 284, 324, 475, 478, 564 
Nymphaea (see waterlily) 





COON «oie 5 os sr nn andes 
hee 352, 377, 379, 380, 394, 393 
CUTORIIOM : Wos eesevcd 382, 388 
PE hosp Sino ns Ben h eaw ole 379 

Odontonia olga ......... -384 

Oenothera odorata . .220 
ein Shi 08 a 8 Scag: tips 516 

Ohia (see Metrosideros) 

LP a cucdvetasetice canteens 69, 303 

SRRMIOMIIOAS | Sidvac's vacate a.t-0 wore 349, 374, 

875, 376, 379, 380. 882. 383 
altissimum ...... 376, 379, 380 


ampliatum ....... 374, 375, 389 





PORN ois iciecie Vases 373 
carthaginense ........ 373, 380 
cavendishianum .......... 
setsinwe bos 55, 358, 360, 368, 373 
ONIN 53 Vase dh r's a9 bacewee 380 
crispum ... 361, 362 
TENE n5cdk o v'b'ed b08Gbive 389 
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681 


Prosopis (ore (kiawe)...... 
85, 126, 324, 469, 477, 482 
Psidium Goeen 85, 116, 310, 324 
EUS OCUMEEI: oedkaeries csaeruaherewe 90 
Pterostylis banksii ............. 402 
MN, c Viweduk scat iwas 402 
Qe i 2 ons Shawecdeksunk 402 
CEUMIUEEE <6 cde lig hk oenwcce 402 
NE ce aee'ctaaan 70, 578, 579 
PEM. b.6b oc o4.4 tose makentanbn 216 
Raillardia molokaiensis ......... 118 
DGRMUE ccd wie diac uckd ed Oe ews 516 
Raphanus sativus longipinnatus 
(see daikon) 
MGRDUGEUT :2uicdsicnss 8H aticnsaaees 600 
PROTIATIGNOER 6 os 5 occa c¥inenie ce 346 
WE hove oss bales hea d/oe ce we 346 
WRGIIROIMOR: opcccvetoee vihen 396 
WM dine stathGin sd it~ ness Wasi en 348 
SIO s svieneidoascses 367, 378 
Rheum rhaponticum ............ 516 
PERTERNIEN os 65 bo ee Qa S sweenks 598 
TRIOUOENONOEE 0 cies Umsviccwe¥acea 331 
NN od vc hue dui cen copie cane 473 
Rhynchostylis retusa. ..346, 361, 378 
MA ac coke p os cle sa aenw ne 5, , 181 
OMOIED. S'2 avseiisa x nh-icalh wena. 31, 469 
communis..... 83, 233, 310, 467 
Rodriguezia secunda ....... 374, 380 
Rose....84, 96, 97, 105, 108, 109, 117, 
233, 258, 266, 273, 303, 311, 325 
Rubus hawaiiensis .............. 328 
loganobaccus .........s00. 114 


penetrans (blackberry) ... 
eas 113, 114, 115, 116, 220, “ 


BGS Ge ines Caeteke aha wunee 
FABIO: .cncake céekssceaseeeeusee 572 

ROBIONONR oa. Sinn che hetede 516 
SRCCHARUME. ob ed cp ow 250, 258, 270 
Saccolepis contracta ............ 515 
SRCCOMMIIGI © 00 ccs sinaeanetWomee 346 

COUN. vc cee so Catdccad aie 354 
SANE a ok divans ede hantines 509, 511 
Salvia leucantha ........... 126, 129 


GO so divi ds Vain Vie.d tw ba lai oRwA 
Samunea sae (monkeypod). 
116, 476, 479, 482, 514, ‘523 


Santalum paniculatum Sih aheeee 
Rc avinn so wkVacvarouee 145, eat 
SK. cedvaesehaaviben 512 
Scaevola frutescens ............ 128 
Schinus terebinthifolius 26, 115 
Schomburgkia ......... , 379, 380 
ME ino oc wae CobbER SC eeNaeS 380 
ROE ois0.c ced nthadedeeus 380 
CEES > ov. aicc eden oheceue 401 
ONE WEEE -Frn'd cc ccovvncredeean 213 
Senecio mikanioides ............ 516 
Mb ahatos tis c4s4kuesle o Oak 310 
WEED © bind & 5's aicdiaere 6 vee 581 
Serapias cordigera .............. 400 
Sesbania grandiflora ........... 126 
BICRUR CUOTOTO 0). cbc ois cerecees 523 
I DE. is ak acincchec sku pawns 85 
Siegesbeckia orientalis ......... 488 
SGI. Biase cc tccawcandtareshesa 387 
COMIN a's ec vase cuneate 395 
WEROTIIEE a knw becesnte tou 400 
DAMATIONBIS 4 ccd ecccctewes 397 
Solamerm MULtAee sos. )s6 sce cas 7 
Solanum carolinense ............ 569 
melongena os otek Tt 
nigrum. 84 ee 589 
penn ty <cek Wawewaek a , 473 
FUTUOMIOREE: 6 icine cic canes 


ee ae 230, 527, 529, 530, 532, 533 
tuberosum (see potato) 














Solidago altissima .............. 516 
NED, i nor sds. 0 0 os bose sa ¥auae 337 
I Ra ed's 65 .0'v door 6 581 
oleraceus........... 17, 23, 84, 
85, 95, 99, 100, 103, 105, 109° 
114, 310, 320, 321, 512, 516 
BOGROOE: UU dae bidet seen. a teknues 405 
CDIYROPNINR oo vc cidssc vise. 
phic arms h cia 328, 406, 506, 511, 512 
DORIS 5S o 0s veo ce ealek bie 367 
SONI idiie cain v0 5 sia» 143, 559, 562 
MTL FF ino 605i se see sakwe 322 
Soybean........ 70, 303, 464, 582, 583 
I ss ip bin ok no ae acon 
Risa ehe 346, 354, 362, 365, 376, 377 
oe Pe re eee 346 
IOI 5 Wis. 6 0:29:95 96, 105, 354 
Spider flower (see Gynandropsis) 
Spinach........ 70, 569, 580, 581, 595 
MEE cv ition sciressensdoe 67 
bp ae. A 69 
TIE 582 ginim 0 S.0 5 o's 6 08 ele wih 71 
Spiranthes autumnalis ......... 400 
SPIE helen dash bw. Wien 4 oo0 sao mb nes 99 
PEN ns 5:0 0-bh hbo can we 27 
See eee 6, 357, 362, 
370, 376, 382, ser 401, 489 
bucephalus ein eg sa Brae 76 
BOMMGIOEE” no ccverscctcons 376 
SS, 5a) caved cnewhew as 376 
Star upple (Chrysophyllum 
OS RE eet eee 522 
Staurochilus davisii ............ 388 
Stauropsis lissochiloides ....... 346 
BI Ss salad once wees ele ate .110 
Stored foods ...... -143 
NR MDREIE 65> bb. G:0ip Bia’ bow asd 218 
oe, SEAS es are eye 521 
EE. SGN A cadiness o's sb awceet 220 
Strelitzia reginae. ..........-.50. 85 
Styphelia sp. .......... 325, 326, 329 
tameiameiae ......... 512, 514 
Ee Be ere 282, 283, 470 
SND ii oo no 5 3h s 0 bee wa ed 5, 


10, 
99, 102, 103, 104, 106, 108, 110, 


124, 257, 258, 260, 263, 270, 277, 
282, 283, 331, 364, 470, 478, 479, 
512, 513, 522, 536, 546, 549, 559, 
560, 562, 568, 564, 565, 566, 601 
Sunflower (Helianthus) ....214, 522 
OOO oo ois hc 6.0c ice Sev hane 
oeeed, 4, 20, 70, 71, 76, 96, 99, 
100, 102, 103, 104, 106, 108, 125, 
141, 143, 214, 216, 217, 336, 337, 
340, 468, 471, 474, 477, 486, 516 
CR oso la ark 9:0: boa. 0b who wee 231 
yo 2 ke REMAIN gn re mye 83, 310 
NUE. ona bes c0io ps avin. elelekws goin 394 
Taraxacum officinale 
CURMOUNOED oct bonvpcwe 2, 120 
EMEO CUCOLDCROIID) 5555 o-0.s'5 6.2 +0 oes 
peed 2, 4, 84, 106, 110, 113, 413 
Telopma COTGAtA ....2..ccccecsees 128 
Terminalia catappa ............ 412 
Thistle (Argemone) ............. 140 
Thunbergia grandiflora ......... 125 
Ti (Cordyline)......... 313, 331, 516 
Tibcuchina semidecandra ...... 516 
Titnonia diversifolia ............ 119 
IIOO. 6 6 bb vas an hs pio oa 6 on 7, 109, 
110, 141, 313, 548, 549, 569, 
588, 589, 593, 595, 596, 597 
PHOBOS: oo 3.o nh x 5-09 KB peeeey 218 
Tomato....6, 18, 16, 17, 20, 62, 64, 


71, 74, 75, 81, 85, 91, 95, 96, 97, 
99, 100, 101, 102, 103, 104, 106, 
167, 108, 109, 110, 111, 120, 141, 


682 


144, 305, 306, 307, 


310, 525, 526, 
527, 528, 529, 530, 


531, 533, 536, 


542, 548, 551, 567, 569, 587, 588, 
89, 590, 591, 598, 595, 596, 597 
TriBwiee CUUOIGER 3.0 6s occ occs eve 
skh abiohak 84, 115, 120, 126, 129 
Trichoglottis brachiata ..... , 378 
Pe ode tice k wes 6 Heeb at 360 
WOVEN bess itevecieses's rade 357 
Trifolium procumbens .......... 515 
Tritonia crocosmaefiora ... or 516 
RMR Bale. B hk diw gins ve eee OAS 572 
62608 an cee ice 71, 110, or, 579 
Urera sandwicensis ........ 328, 513 
Vaccinium calycinum ........... 114 
VRCICTMUUUNEED 6569 0c bis + oem 509 
BI Dobace owes 311, 312, 325, 328 
MM as Pikes ches t-ubink sles Rees 
.831, 346, 355, 367, 392, 474, 483 
MAMIE Se aca t ie a oe 388 
COOTUIOR .. ci ce0e 348, 378, 383 
NEE. 10. 6:Kck ae speedo ob Sey 382 
SUNN: tg. Sidae Vata s pon a gape 383 
OTM 65s abocearase 382 
ED chéceicdiCaaketwces 355 
en sot saath eeuceee 383 
DUNE. Swan hc'sb acerrke we 82 
lugonica...... 346, 348, 377, 378 
MNINEIED 0a 55.8) b'oa 4 G8 conn 378 
ec ee pa 394 
WOUND we ccc ccccces 378, 396 
ee 370, 383 
ee are rie eer 378 
teres.223, 377, 382, 383, 387, 483 
POMON MUNG 837. . fork cteew ce 82 
teres andersoni ........... 382 
COTO MUTOTOR . over vs cccces 382 
teres grandiflora .......... 382 
Cy a ae er er ee 378 
WOMAN, 5 ots Caches i cae 350, 365, 375 
Verbora HMtoralis .6..6.ccccccens 515 
Verbesina encelioides ........ 2, 120 
Re a ert ere 3 
ORI SUE. oi 'n dccuc ccc see's 516 
A EE oa i devo Uc dake he hese sc 581 
RCN ION oo eid vet bee ovaaa 581 
AU SMD, TURMERIC soo. 60. 60.666 60.0 ob ole 84 
Ty CERO TUES 5.4 ins. ae 0 6.6.0 0x0 0's S-ebus 514 
ee aa Rarer et ee ee 516 
PE RDS, Se > 6oce ot bes Bed Fw wice 569 
ME BC wihae dé adic sss mene es Xs 225 
VETOE MOGUNGD, ..5 o'65 eR ees ce cess 270 
PE. b's vice Wieas kc cw 116 
EN ona in eRe MS ote oe-we Bak 10 
eR ohio. ctrpihich oc sme 471, 472 
Wairerlily...8, 180, 182, 184, 218, 473 
Wate ION Ae stk. 5 voc cae 's 86, 
569 


Wikstroemia 
phillyreaefolia 

“‘Wiliwili’? (Adenanthera) 

Woodrose (Ipomoea tuberosa)... 

4, 144, 217, 477 


465, 478, 479, 484, 567, 568, 
136 





MME, Sg shah 's eb 056s bielorea be WO le ee 19, 125 
Zingiber zerumbet .............. 321 
SE te sic aiisin ois Wola veikese ees. 571 
NUNN sg:coiate op wigipiw duaie tie kw a' 568 
NN sus 0 a'9dch, Niomsece slog 120 
MEMO | ag srp'eie'e-elc bosom. o's 310, 311 











683 


ERRATA, VOLUME XII 


Page 2, line 9, for “Gynandropis’, read “Gynandropsis”. 

2, lines 1 and 2, for “Hawatiana”, read “Hawaiina”. 

“22, line 32, for “1942”, read “1943”. 

“* 24, line 18, for “Aelothrips”’, read “Aecolothrips’. 

“ 31, next to last line, for “hawatiensis”, read “oahuensis’’. 

“* 59, line 11, for “activly”, read “actively”. 

“ 70, column 5, line 7 from bottom, for “ipomoea”’, read “ipomoeae”’. 

“« 83, line 12, “Corizus hyalinus’ should be under a separate heading read- 
ing “Coreidae”. 

““ 83, line 12, the heading “Lygaeidae” should immediately precede “Geo- 
coris” and “Orthaea”. 

“ 83, line 15, for “Orthoea”, read “Orthaea”. 

“84, line 6 from bottom, for “Hypochaeris”, read “Hypochoeris”. 

“ 93, line 13, for “purpurifera”’, read “purpurifer”. 

“* 108, line 4, for “firewood”, read “fireweed”. 

“ 113, line 24, for “Hypochaeris”, read “Hypochoeris’. 

“* 143, line 17, for “anastamosalis”’, read “anastomosalis”. 

“ 153, line 8 from bottom, for “Bilbergia’, read “Billbergia’. 

“ 188, line 8 from bottom, for “vagans’, read “mulsanti”. 

“ 189, line 4 from bottom, for “Hydrodyction”, read “Hydrodictyon”. 

““ 207, line 10, for “Palao”, read “Palau”. 

‘“* 225, line 7 from bottom, for “unicinctus”, read “uncinatus”. 

“ 226, line for “unicinctus’, read “uncinatus”. 

““ 246, middle of page, for “Thorrel”, read “Thorell”. 

“ 257, line 2, for “is”, read “in”. 

“ 311, line 2, for “lacrymae-jobi’, read “lacryma-jobi”. 

“ 340, line 9m for “Corchoros’, read “Corchorus”. 

‘* 346, line 15 from bottom, for “Stauropis’, read “Stauropsis”. 

“350, line 15, for “Apotomorrhinus”’, read “Apotomorhinus”. 

‘* 364, line 19, for “Negata’, read “Negeta”. 

“393, line 19, for “Hercothrips’, read “Hercinothrips”. 

“* 398, line 7 from bottom, for “Phisia vaureum Guen.”, read “Plusia 
v-aureum Guen.”. 

“ 400, line 15, for “Epipogium”, read “Epipogum”. 

“ 401, line 13, for “tibicinus”, read “tibicinis”. 

“ 402, line 5, for “muctfera”, read “muscifera”. 

“* 409, 2nd line of legend for fig. 2, for “right”, read “left”. 

“ 424, next to last line, for “26”, read “16”. 

“ 461, line 5 from bottom, for “Anophothrips’, read “Anaphothrips”. 

‘“‘ 461, last line, for “unicinctus’, read “uncinatus”. 

482, last line, for “kaalense”’, read “kaalacnse’”’. 

“ 599, line 26, for “Psylliodis”, read “Psylliodes”. 
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ERRATA NOT PREVIOUSLY NOTED 


. 135, line 9, for “VI”, read “IV”. 


Vol. VIII, 
¥ 46, line 10 from bottom, for “Aplothrips’, read “Haplothrips”. 


VPUVUPDPTD 


, 


97, heading of Plate III, for “Vol. I’, read “Vol. X” 

116, IX, for “Vol. V”, read “Vol. X”. 

125, 4 Aes X, for “Vol. Vv”, read “Vol. X”. 

129, ~ cee XI, for “Vol. V”, read “Vol. X”. 

198, line 8 from bottom, for “nymphae”, read “nymphaeae”’. 

264, line 3 from bottom, for “nymphae’, read “nymphaeae”’. 

496, Anomalochrysa angulicosta Perkins was omitted from the 
key. At “17(16)” read as follows for the first para- 
graph: 

“Anterior wing membrane whitish, and/or with all 
the cells distinctly infuscate along the veins ; Oahu 
and Molokai 17a” 

Then insert the following: 

“17a(17). Fore wings with dividing vein of third 
cubital cell joining M at or near distal side of cell 
so that distance between the vein and distal side of 
cell is obviously much shorter than length of divid- 
ing vein; costal margin of male not angulate; 

cognata Perkins. 

Fore wings with dividing vein of third cubital cell 
joining M at a distance from distal side of cell so 
that distance between the vein and distal side of 
cell is about equal to length of dividing vein; 
costal margin of male conspicuously and unusually 
angulate at about eleventh or twelfth cross vein 
from base; Molokai angulicosta Perkins”. 

502, line 14, for “1925”, read “1935”. 

9, par. 3, line 2, for “published as No. 32”, read “published 

as ‘Occasional Papers, Vol. 15, No. 23”. 

71, heading of right-hand column, for “Major Insects”, read 
“Minor Insects”. 

161, line 10, for “afternon”, read “afternoon”. 

. 256, line 12 from bottom, for “nymphi’, read “nymphaeae” ; 

for “Sulzer”, read “(Sulzer)”. 

. 261, last par., line 1, for “Wied.”, read “(Wied.)”. 

298, line 16, for “ben”, read “been”. 

301, line 24, for “Pethrochroa’, read “Petrochroa’. 

302, last line, for “bettles”, read “beetles”. 

310, line 5 from bottom, for “Handel”, read “Hendel”. 

311, line 2, for “Handel”, read “Hendel”’. 

315, line 5 from bottom, for “Dicranomyia’, read “Libnotes”’. 

. 318, line 16 from bottom, for “Dicranomyia”’, read “Libnotes”. 

320, lines 4 and 11 from bottom, for “Dicranomyia”’, read 
“Libnotes”’. 

. 342, par. 2, line 2, for “Lucaena”, read “Leucaena’’. 

. 350, in figure 1, the drawing to the left of “b” should be labeled 


Dd D4 Dd bd bd ba bd Da 


. 361, col. 1, line 16 from bottom, for “nymphi’, read “nym- 
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phaeae”. 
. 364, col. 1, line 15 from bottom, for “sambuc”, read “sambac’”’. 








